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A XOTX^'-TRE'^VTHOR 

Ever since its first appcarancc» Astronomy for Every- 
body 1ms been one of the most popular of scientific 
books, well over fifty thousand copies haring been sold 
in the Uniled Slates alone. It was also published in 
England and was translated into many foreign lan- 
guages. 

Its author, Professor Simon Newcomb, was born 
Marcli 10, 1835, in Nova Scotia, and died July 11, 
1900, in Wasliington, D. C. Descended from early set- 
tlers of the colonies from Massachusetts to Maryland, 
he was the oldest child of a country-school teacher ond 
earned lus own bring from childhood. After settling in 
the United States and teaching for a few ycors, he hod 
so far educated himself that he became a mathematical 
computer and a student at Lavrrence Scientific 
School of Harvard, where he graduated as Bachelor of 
Science in 1858. The first work to win him international 
reputotion was accomplished while he was a graduate 
student, aged twenty-four. This was the compulation 
of orbits of asteroids, which resulted in proring the 
impossibjbty of the suggestions which astronomers had 
put forth to explain their ori^n. (Sec chapter on “The 
Group of Minor Planets.”) 

In 1861, President Eiocoln commissioned him as 
Professor of Mathematics in the U. S. Navy. Tliis po- 
sition he held for the rest of his life, with a relative 
rank wliich rose to lliat of rear admiral. He was al- 
ways stationed in Wasliington, where for sixteen years 
he carried on astronomical observations at the Naval 
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Observatory wliile pursuing his chosen mathematical 
labors. In 1877, his work as an observer ended with 
his assignment to duty as superintendent of the Amer- 
ican Ephemeris and Nautical Almanac office. The vol- 
umes issued annually by this office contain tables of the 
principal hea\ enly bodies, elements, and other data of 
eclipses, and further matter of value to astronomeis 
and necessary for the navigation of ships at sea. Four 
other governments^^ issue similar volumes, and there vas 
such an injurious diversity in the fundamental ele- 
ments and constants of astronomy then m use that 
Prof. Newcomb now undertook a revision of the vvhole 
subject and the calculation of new tables of the celes- 
tial motions. Such routine parts of tlie work as could 
be assigned to assistants were carried on by naval offi- 
cers and computers. 

Of this enormous work, which was greater in extent 
than had ever before been undertaken by any one 
astronomer, the Encyclopiedia Britannica says: “Tlie 
formation of the tables of a planet has been described 
by Cayley [the greatest contemporary English mathe- 
matician] as ‘the culminating acliievement of astron- 
omy,* but the gigantic task which Newcomb laid out 
for himself, and vhich he carried on for more than 
twenty years, was the building up, on an absolutely 
homogeneous basis, of the theory and tables of the 
whole planetary system.** The results of tins work have 
been adopted by astronomers of all countries and form 
tlic basis of the exact navigation of ships and air craft 
to-day. 

“Among Newcomb’s most notable achievements arc 
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his researches in connection with the theory of the 
moon’s motion” to which he ga^e his best efforts from 
1868 to his last days of life* The Britannica continues; 
“[Even3 his first nork on tins abstruse subject . . . 
is remarkable for the boldness of its conception, and 
constitutes an important addition to celestial dynam- 
ics.” As a basis for this, he gathered in European ob- 
servatories and libraries anrient and modem records 
of obscnalions of the moon “covering an extreme 
range in time of about 2600 years." 

“In view of the wide extent and importance of his 
labors, the variety of subjects of which he treats, and 
the unity of purpose which guided him throughout, 
Simon Newcomb must be considered as one of the most 
distinguished astronomers of his time." 

Professor Newcomb was never hurried, nor did he 
neglect his long daily walks, yet by steady application 
he had time for so much thinking and writing that the 
published list of his books and articles contains 
titles on a wide variety of subjects, including finance 
(of which subject he was a master) and even some fic- 
tion. He travelled much for general culture and pleas- 
ure as well as for astronoimcal purposes, such as to 
obscnc eclipses and transits and to supervise con- 
struction of the great telescopes for the Naval Ob- 
servatory, and for Lick Obscrvatoiy in Cahfonua, ns 
also for the glass for the Imperial Russian Observa- 
tory. 

For nine of the early years of Johns Hopkins Uni- 
versity he was Professor of Mathematics and Astron- 
omy there, going to Baltimore twice a week to lecture. 
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After his death there was published a many-page list 
of tlie scientific honors lie had received, including sev- 
enteen honorary degrees from Jeading and famous 
Uni\ersities of Europe and America, Iiigh decorations 
from foreign go\ernments, medals and honorary mem- 
bership in all the most important scientific societies in 
the world. 

In a short biography of Prof. Newcomb, Prof. W. 
W. Campbell, noted astronomer, calls liim “intellec- 
tually a giant” and says: “Tlie commanding position 
in astronomical science attained by Prof. Newcomb is 
accurately indicated by the long list of honors con- 
ferred upon him His work, driven by untiring energy 
and guided by philosopluc intelligence for more than 
half a century, placed him at the head of his profession 
in America, and gave him membersliip in a small class 
of the most producthc astronomers of all countries and 
all centuries ” 

Since the book’s first publication there ha\e been 
many important discoi erics in the field of astronomy. 
Tlus new edition, completely revised to include tliese, 
has been edited and brought up to date by Professor 
Robert H. Baker, of the University of Illinois Obscr\- 
atory, Urbana, Illinois As a former pupil of Dr. New- 
comb’s and a distinguished astronomer in his own right, 
he has been uniquely fitted for the task. In its present 
form Astronomy for Everybody is the final and 
authoritati%c word on a subject wliich exercises n uni- 
versal fascination. 



rUEFACE 

TO THE OIUCIXAL FOITIOK 


The present teork greio out of articles contributed to 
McClure’s Magazine a faa years since on the Unsolved 
Problems of Astronomy, Total Eclipses of the Sun, and 
other subjects. The interest shenen in these articles sug- 
gested an exposition of the main facts of astronomy in 
the same style. The result of the attempt is now submitted 
to the courteous consideration of the render 

The writer who attempts to set forth the facts of as- 
tronomy xcithout any use of technical language finds him- 
self in the dilemma of being obliged either to convey 
only a very imperfect idea of the subject, or to enter 
upon explanations of force and motion which kis reader 
may find tedious. In grappling with this difficulty the 
outfior has followed a middle course, trying to pr«c«f 
the subject in such a way as to be intelligible and inter- 
esting to every reader, and entering into technical ex- 
planations only when necessary to the clear understand- 
ing of such matters as the measure of time, the changes 
of the seasons, the varying positions of the constella- 
tions, and the aspects of the planets. It is hoped that 
the reader who does not wish to master these subjects 
will find enough to interest him in the descriptions and 
illustrations of celestial scenery to which the bulk of the 
work M devoted. 


SIMOK KEWCOMB. 
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Part I 

THL CELESTM MOTIONS 



I 

OTTn 8Ti:i.I.AR SYSTEM 


Let us enter upon our subject by taking a general 
view of the osscmhlagc of stars in which we h\e, fancy- 
ing oursdies looking at jt from a point without its 
hmits Far away, indeed, is tlie point we must choose 
To give a conception of the distance, let us measure it 
by tlic motion of light This agent, darting through 
ncarlj 186,300 miles m every second, would make the 
circuit of the earth seseral times between two ticks of 
a watch The standpoint which we choose will probably 
be well situated if wc lake it at a distance through which 
bght would tra>el in a million years It is ^c^y likely 
that we should at this point find ourselves almost in 
utter darkness, a black and starless sky surrounding 
us on all sides But, m one direction, nc should see a 
large patch of feeble light spreading over a consider- 
able part of the heavens like n faint cloud or the first 
glimmer of a dawn Possibly there might be other such 
patches visible in different directions, but at present 
we neglect them The one which we have mentioned, 
and wluch wc call our stellar system, is that which vie 
are to inspect We therefore fly toward it — ^how fast we 
need not say To reach it within a year we should have 
to go a million limes os fast as bght As we approach, 
it continually spreads out over more of the black ski 
s 
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which it at length half co^crsy tlie region behind us 

being still entirely black. 

Before reaching this stage we begin, to see points of 
light glimmering here and there in the mass. As we 
continue our course, these points become more numer- 
ous and seem to moiepast us and disappear beliind us 
in the distance, while new ones continually come into 
Mew in front, as the passengers on a railway train see 
landscape and houses flit by them. These arc stars 
nhich, when we get uell in among them, stud the whole 
heavens as we see them do at night. We might pass 
through the iihole cloud at the enormous speed we 
ha\e fancied, without seeing anything but atars and, 
perhaps, a few great nebulous masses of foggy light 
scattered here and there among them. 

But instead of doing this, lei us select one particular 
star and slacken our speed to moke a closer inspection 
of it. This one is rather a small star; but as xve ap- 
proach it, it seems to our eyes to grow brighter. In tune 
it is as brilliant ns Venus Then it costs a shadow; then 
we can read by its Ught; then it begins to dazzle our 
eyes. It looks like a little sun It is the Sun’ 

Let us get into a position which, compared with the 
distances we have been traveling, is right alongside 
of the sun, though, expressed in our ordinary measure, 
it may be a thousand million miles away. Now, looking 
down and around us, we see nine or more star-bke points 
scattered around the sun at different distances. If we 
watch them long enough we shall see them all in motion 
around the sun, corapletmg their circuit in times rang- 
ing from three months to os much as S50 years Tliey 
mo^e at lery different distances; the most distant is a 
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liurdrfd times more remote from the sun than the 
nearest 

Tliesc star like bodies are the planets By careful 
examination we see that Ihej differ from the stars in 
bein^ opaque bodies, shining onl\ b^ light borrowed 
from the sun 

Let us pay one of tlicm a visit We select the tliird 
In order from the sun Approaching it in a direction 
which we mav call from nbo\c, that is to say from a 
direction at nght angles to the bnc draiyn from it to 
the sun, we see it grow larger and brighter as we get 
nearer MHienwcgclxery near, ithas the appearance of 
a half moon — one licmispherc being in darkness and 
the other lUummatcd bj the sun’s ravs As we approach 
yet nearer, tlio illuminated part, always growing larger 
to our sight, assumes a mottled appearance Still cx 
panding, tins appearance graduallv resolves itself into 
occans.and continents, obscured over perhaps half their 
surfocebi clouds The surface upon which we are look 
ing continually spreads out before us, filling more and 
more of the skj, until we see it to be a world 'We land 
upon it, and here we arc upon the earth 

Thus, a point which was absolutely invisible while we 
were flying through the celestial spaces, which became 
a star when we got near the sun, and an opaque globe 
when yet nearer, now becomes the world on which we 
live 

Tins imaginarj flight makes known to us a capital 
fact of astronomy The great mass of stars wluch stud 
the heavens at night arc suns To express the idea m 
another way, the sun is merely one of the stars Com 
pared with its fellows jl is rather a small one, for wo 
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know of stars that emit thousands or e\en tens of tliou- 
sands of times the light and heat of the sun. Mcasur- 
ing things simplj by their intrinsic importance, there is 
notliing special to distinguish our sun from the hun« 
dreds of milLons of its companions. Its importance to 
us and its comparati\e greatness in our eyes arise 
simply from the accident of our relation to it. 

The great system of stars which we have described 
looks to us from the earth just as it looked to us during 
the latter part of our imaginary flight through it. The 
stars ^^hich stud our sky are the same stars which we 
saw on our flight. The great difference between our 
view of the heavens and the view from a point in the 
starry distances is the prominent position occupied by 
the sun and planets. The former is so bright that dur- 
ing the daytime it completely obliterates the stars. If 
we could cut off the sun’s rays from any very wide 
region, we should see the stars around tlie sun in the 
daytime as well as by night. These bodies surround 
us in all directions, as if the earth were placed in tlie 
center of the nniverse, as was supposed by the ancients. 


THE SOXAR STSTESI 

One class of celestial objects, the galaxies, is repre- 
sented by the xmllions of stars the arrangement and 
appearance of which we have just mentioned Another 
is represented by a single star which is for us tlie most 
important of all the stars, and the bodies connected 
witli it This collection of bodies, with tlie sun in its 
center, forms a little colony all by itself, whicli we 
call the solar system. The feature of this system which 
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I wish first to impress on the reader’s mind is its very 
small dimensions when compared willi the distances 
between the stars. All around it are spaces wlu'ch are 
almost completely void through enormous distances. If 
we could Qy across the whole breadtli of tiie solar sys- 
tem, we should not be able to see that we were any 
nearer tlie stars in front of us, nor would the constella- 
tions look in any way difTcrent than they do from our 
earth. An astronomer armed with the finest instruments 
would be able to detect a diangc only by the most exact 
observations, and then only in the case of the nearer 
stars. 

A conception of the respective magnitudes and dis- 
tances of the heavenly bodies, which will help the reader 
in conceiving of our portion of the universe cs it is, 
may be gained by looUng at a little model of it. Let us 
imagine tliat, in this model of the universe, the earth on 
which we dwell is represented by a grain of mustard 
seed. On this scale the moon will then be a particle 
about one fourth the diameter of the grain, placed at a 
distance of an inch from the earth. The sun will be 
represented by a large apple, placed at a distance of 
forty feet. Other planets, ranging in size from an in- 
visible particle to a pea, must be imagined at average 
distances from the sun varying from fifteen feet to a 
third of a mile. We must then imagine all these little 
objects to be slowly moving around the sun at their 
respectiv e distances, in times varying from tliree months 
to 250 years. As the mustard seed performs its revolu- 
tion in the course of a year we must imagine the moon 
to accompany it, making a revolution around it every 
month. 



0 THE CELESTUL MOTIONS 

Icnow of stars that emit thousands or even tens of tliou- 
sands of times the light and heat of the sun. Measur- 
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THE SOUUt STSTEM 

One class of celestial objects, the galaxies, is repre- 
sented by the millions of stars the arrangement and 
appearance of which we have just mentioned. Another 
is represented by a single star which is for us the most 
important of all the stars, and the bodies connected 
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THE SOLAR SYSTEJI 

I wish Brsl to impress on lire render’s mind is its very 
email dimensions when compared srilli the distance 
between the stars. All around it are spaces which arc 
almost completely roid tlirough enormous distances. If 
we could fly across the whole hreadtli of the solar sys- 
tem, we should not be able to see that we were any 
nearer the stars in front of us, nor would the constella- 
tions look in any way different than Urey do from our 
earth. An astronomer armed witli the finest instruments 
would be able to detect a change only by the most csacl 
ohsers-aUons, and then only in the case of the nearer 
6tars. 

A conception of the respective magnitudes and dis- 
Unccs of the hea\enly bodies, which will lidp the render 
in conceiving of our portion of the universe as it is 
be gained by looking at a little model of it. Let u, 
imagine that, in this model of the universe, the earth on 
which we dwell is represented by a grain of mustard 
seed. On this scale the moon will then be a particle 
about one fourth the diameter of the grain, placed at 
distance of an inch from tlie earth. The sun will be 
represented by a large apple, placed at a distance of 
forty feet. Other planets, ranging in size from an in- 
visible particle to a pea, must be imagined at averaij' 
distances from the sun varying from fifteen feet to 
third of a mile. We must then imagine all these httl° 
objects to be slowly moving around the sun at th 
respective distances, in times varying from three m 
to 250 years As the mustard seed performs its 
tion in the course of a year we must imagine the 
to accompany it, making a revolution a^un,i -i 
month. * ®^ery 
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On tins scale a plan of the whole solar 8\stcm can be 
laid down in n Held less than a mile square Outside of 
tins field we should find a tract broader timn the whole 
continent of America without a Msiblc object in it 
unless perhaps comets scattered around its border I nr 
bejond the limits of the American continent we should 
find the nearest star, which, hhc our sun, might be 
represented bj nn apple At still greoter distances, in 
e^crJ direction, would be other stars, but, in the gen 
oral a\crnge, thej would be separated from each other 
ns widclj ns the nearest star is from the sun A region 
of the little mode! ns large ns the whole earth might 
contain onU two or three stars 

We see from this how, in n flight through the uni 
s*crsc, like the one we hn\c imagined, wc might overlook 
such an insignificant little bod\ os our cartli, e>en if 
we made a careful scorch for it Wc should be like a 
person filing through tlie Mississippi ^nlle^, looking 
for a gram of mustard seed which he knew was hidden 
BOTiewhcre on the American continent Esen the bright 
shining apple representing the sun might be os crlooked 
unless wc happened to pass quite near it 
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A8PSCTS OF THE HEAVENS 

The immensity of the distftnees which scptirftte us from 
tlie hcaNcnly bodies makes it impossible for us to form 
A distinct conception of the true scale of the universe, 
and very difficult to conceive of the heavenly bodies in 
their actual relations to us. If, on looking at a body in 
the sky, there were any way of estimating its distance, 
and if our eyes were so keen that vve could see the 
minutest features on the surface of the planets and 
stars, the true structure of the universe would hov e been 
obvious from the time that men began to study t e 
heavens. A little reflection will make it obvdous that if 
we could mount above the earth to a distance of, say, 
ten thousand times its diameter, so that it would no 
longer have any perceptible size, it would loo to us, 
in the light of the sun, like a star in the sk^. Tlie an- 
cients bad no conception of distances like t us, an so 
supposed that the heavenly bodies were, as they ap- 
peared, of a constitution totally different from that of 
the earth. We ourselves, looking at the heavens, are 
unable to conceive of the stars being millions of times 
farther than the planets. All look as if spread out on 
one sky at the same distance. We have to learn their 
actual arrangement and distances by reason 

It is from the impossibility of conceiving these enor- 
mous differences in the distances of objects on tlie earth 
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nnd the hca^cns, that the real clifiiculty of forming a 
mental picture of them in their true relation arises. I 
shall ask the reader’s careful attention in an attempt 
to present these relations m the simplest way, so as to 
connect things as they are sv-ith things as v c sec tliem. 

Let us suppose the earth taken an ay from under our 
feet, leaving us hanging in mid space. We should then 
sec the heavenly bodies — sun, moon, planets, nnd stars 
— surrounding us in c\ery direction, up nnd down, east 
and west, north nnd south. The ej'e would rest on noth- 
ing else. As no have just explained, all these objects 
would seem to us to be at tlic same distance. 

A great collection of points scattered in every direc- 
tion at an equal distance from one central point must 
all he upon the inner surface of a hollow sphere. It fol- 
lows that, in the case supposed, the licatcnly bodies will 
appear to us as if set in a sphere in the center of wliicb 
wo appear to be placed. Since one of the final objects 
of astronomy is to learn the directions of the heavenly 
bodies from us, this apparent sphere is talked about in 
astronomy as if it were a rcolity. It is called the celes- 
tial sphere. In the case we hove supposed, ivith tlie earth 
out of the way, all the lieavcnly bodies on this sphere 
would at any moment seem at rest. The stars would re- 
main apporently at rest day after day and week after 
week. It is true that, by watching the planets, we should 
in a few days or weeks, as the case might be, see their 
slow motion around the sun, but this would not be per- 
ceptible at once. Our first impression would be tliat the 
sphere was made of some solid, crystalline substance, 
and that the heavenly bodies were fastened to its iimer 
surface. The ancients had this notion, which they 
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brouglit yet nearer the truth by fancying a number of 
these spheres fitting inside of each otlier to represent the 
different distances of the heavenly bodies. 

With this conception well in mind, let us bring the 
cartli bach under our feet. Now we have to mabc a draft 
upon the reader’s jwwcr of conception. Considered in 
its relation to the magnitude of the hea\ens, the earth 
is a mere point; yet, when we bring it into place, its 
surface cuts off one half of tl»e unherse from our xnew, 
just as an apple would cut off the view of one side of a 
room from an insect crawling upon it. That half of the 
celestial sphere wliich, being abo\e the horizon, remains 
\isible is called the visible hemisphere; the half below, 
the view of which is cut off by the cartli, is called the 
invisible hemisphere. Of course we could sec the latter 
by tra> cling around the earth. 

Haring this slate of things well in mind, we must 
mahe another draft on the reader’s oltcntion We know 
that the earth is not at rest, but rotates unceasingly 
around an axis passing through its center. The natural 
result of this is an apparent rotation of the celestial 
, sphere in the opposite direction The earth rotates from 
west toward east; hence the sphere seems to rotate from 
east toward west. This reel rotation of the earth, with 
the apparent revolution of the stars wluch it causes, is 
called the diurnal motion, because it is completed in a 
day. 

APPAltEST DAILT KEVOLtmOK OF TITE STAJIS 

Our next problem is to show the connection between 
the lery simple conception of Uie rotation of the earth 
and the more complicated appearance presented by the 
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apparent diurnal motion of the hea\enly bodies whicli 
it brings about. The latter \aries with the latitude of 
the observer upon the earth’s surface. Let us begin with 
its appearance in our middle northern latitudes. 

For this purpose we may in imagination build a hol- 
low globe representing tlic celestial sphere. We may 
mahe it as large as we please, but one of thirty or forty 
feet in diameter would answer our purpose. Let Figure 
1 be an inside view of this globe, mounted on two phots, 
P and Q, so that it can turn round on them diagonally. 
In the middle, at 0, we ha\e a horizontal platform, 
NS, on which we sit. The constellations are marked on 
the inside of the globe, covering the whole surface, but 
those on the lower half are hidden from view by tlic 
platform. This platform, as is evident, represents the 
horizon 

The globe is not\ made to turn on its pivots. What 
will happen? We shall see tlie stars near the phot P 
revolving around the latter as tlic globe turns. The 
stars on a ceitain circle KN will graze the edges of the 
platform, as they pass below P. Those yet farther from 
P will dip below tlic platfomi to a greater or less extent, 
according to their distance from P. Stars near the circle 
EF, halfway between P and Q, will perform half tlieir 
course above and half below the platform. Finally, 
stars within the circle ST will never rise above the level 
of the platform at all, and will remain invisible to us. 

To our eyes the celestial splicrc is such a globe as this, 
of infinite dimensions. It seems to us to be continually 
revolving round a certain point in the sky ns a pivot, 
making one revolution in nearly n daj, and carrying 
the sun, moon, ond stars with it. Tlie stars preserve their 
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relative positions as if fastened to tlie revolving celestial 
sphere That is to sav, if \fe take a pliotograph of them 
at any hour of the night, the same photdgraph irill shon 
their appearance at an} other hour, if we onl} hold it in 
the right position 



The piv ot corresponding to P is called tJie north ceJes 
ttalpole To dwellers in middle northern latitudes, n here 
most of us live, it is m llie northern sky, nearl} midway 
between the icnith and the northern horizon The 
farther south we lue, the nearer it is to the honzon, its 
altitude ahoie the potter heiog equai to the latitude oi 
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the celesthu. motions 

tlic plncc where the obsen or stands Quite near it is ih® 
pole star, winch wo siiall hereafter sliow Jiow to locate* 
To ordinarj obacrration, the pole star seems never to 
nio^ e from its position In our time it is htile more than 
a degree from the pole, a quantity with which ne need 
not now concern oursches 

Opposite the nortli celestial pole, and therefore as far 
below our hori2on as tlic north one is above, hes the 
south celestial pole 

An obnous fact is that the diurnal motion as we see 
it in our latitude is oblique When the sun rises in the 
east it does not seem to go straight up from tlie horizon, 
but moves o\ er toward Uie south at a more or less acute 
angle ivjth tlie iionzon So wJien it sets, its motion reJa 
tivc to the horizon is again oblique 
Now, imagine that we take a pair of compasses long 
enough to rcaclt tlie skj We put one point on the sky 
at tlic nortli celestial pole, and the other point far 
enough from it to touch tlie horizon below the pole 
Keeping the first point at the pole, wc draw a com 
pletc circle on tJie celestial sphere with the other point 
TJus circle just touches tlie north horizon at its lowest 
points and, in our northern latitudes, extends to near 
the zenith at its highest point The stars within this 
circle nei cr set, but only seem to perform a daily course 
around tlie pole Tor Ibis reason tins circle is called tlie 
circle of perpetual apparition 

Tlie stars fnrllicr south rise nnd set, but perform less 
and less of tlieir dailj course aboie our horizon, tUI 
we rench its soutli point, where they hnrely show them- 

Stars yet fnrtlier south never nse at all in our lati- 
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ludcs Thej are contamwl within llic circle of perpetual 
occultatiorit wluclx surrounds and is centered on tlie 
south cclcslml polo, as the circle of perpetual apparition 
IS centered on the north one 

Figure 2 shows the principal stars of the northern 
hea^cns witlun the circle of perpetual apparition for 
the Northern States B> holding it with the month on 
top V.C shall ha\c a view of the constellations as they 
are seen about eight o’clock in the e\ ening It also show s 
how to find the pole star in the center bj the direction 
of the two outer stars or pointers m the Dipper, or 
Great Bear 

Now let us change our latitude and sec what occurs. 
If wc journey toward the equator, the direction of our 
horizon changes, and during our \oyoge we sec tlie pole 
star constantly sinking lower and lower As we ap- 
proach the equator, it approaches tlie horizon, reaching 
it when we reach the equator It is plain enough that 
the circle of perpetual apparition grows smaller until, 
at the equator, it ceases to exist, each pole being in our 
lionzon There the diurnal motion seems to us quite dif 
ferent from what it is here The sun, moon, and stars, 
when they rise, commence tlicir motion directly upw ards 
If one of them rises esactlj m the east, it will pass 
through the zenith , one rising south of the east will pass 
south of the zenith , one nsmg north of the cast, north 
of tlie zenith 

Continuing our course into the southern hemisphere, 
We find that the sun, while still rising in the east, gener- 
ally passes the meridian to the north of the zenith The 
mam point of difference between the two hemispheres is 
that, as the sun now culmmatcs in the north, its ap 
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parent motion is not m the direction of the hands of a 
watch, as with us, but in the opposite direction In 
middle southern latitudes, the northern constellations, 
80 famihar to us, are always below the horizon, but we 



see new ones in the south Some of these are noted for 
their beauty, tlic Southern Cross, for example Indeed, 
it has often been thought that the southern hea^cns 
are more brilliant and contain more stars tlian t!»e 
northern ones But this new is now found to be incor- 
rect Careful study and counts of tlie stars show the 
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number to be about tbe same in one hemisphere ns in the 
other. Probably the impression wc ha\e mentioned arose 
from the superior clearness of the shy in tlie southern 
regions. Por some reason, perhaps because of the drier 
climate, the air is less filled with smohe and haze in 
the southern portions of the African and American 
continents tl\an it is in. our northern regions. 

What we have said of the diurnal motion of the 
northern stars round and round the pole applies to the 
otars in the southern heavens. But there is no southern 
polo star, and therefore nothing to distinguish the posi- 
tion of the southern celestial pole. The latter has a 
number of small stars around it, but they are no thicker 
than in any other region of the sky. Of course, the 
southern hemisphere has its circle of perpetual appari- 
tion, which is larger the farther south we travel. That 
is to say, the stars in a certain circle around the south 
celestial pole never set, but simply revolve around it, 
apparently in an opposite direction from what they do 
in the north. So, also, there is a circle of perpetual 
occultation containing those stars oround the north pole 
which, in our latitudes, never set. After we go beyond 
20® south lotitude we can no longer see any part of the 
constellation Ursa Minor. Still farther south the Great 
Bear will only occasionaDy show itself to a greater or 
less extent above the horizon. 

Could we continue our journey to the south pole we 
should no longer see any rising or setting of the stars. 
The latter would move around the sky in horizontal 
circles, tlic center or pole being at the zenith. Of course, 
the same thing would be true at the north pole. 
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nEIiATIOK or TIME A^D EOSCITUDC 


We all know tlmt a Ime running throiigli any place 
on the earth in a north an^ south fhreetjon js called the 
meridian of that particular place More cxactlj, a me- 
ridian of tlic carlli's surface js a semicircle passmg^ from 
the north to the south pole Such scraicireles pass in 
every direction from llic north pole, nnd one may be 
dran-n so as to pass tlirough any place The meridian 
of the Royal Obser^atory at Greenwich is now adopted 
by most nations, our own included, ns the one from 
which longitudes are measured, and bj which in the 
United States and a considerable part of Europe the 
clocks arc set 

Corresponding to the ferrestnal meridian of a place 
is a celcsbal meridian which passes from the north celcs 
tial pole through the zcriUi, intersects the liorizon at its 
south point, nnd continues to the south pole As the 
earth revoh es on its axis it carries the celestial ns well os 
the terrestrial meridian wiUi it so that the former, m 
the course of a day, sweeps over the whole celestial 
sphere Tlie appearance to us is that every point of the 
celestial sphere crosses the meridian m the course of a 
da> 

Noon IS the moment at which the sun passes the toe 
ridiaaj Before the introduction of railway s, people used 
to set their clocks by the sun But owing to the obliquity 

IS 
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of llie ecliptic and the eccentricity of tlic earth’s orbit 
around the sun, the internals between successive passages 
'of riie sun are not exactly equal. The consequence i's 
that, if a clock keeps exact tirae, the sun wiU sometimes 
pass the meridian before and sometimes after twelve by 
the clock. "When this was understood, a distinction was 
made between apparent and mean, time Apparent time 
is the unequal time determined by the sun ; mean time 
is that gi\en bj a clock keeping perfect time month 
after month. The difference between these two is called 
the equation of time. Its greatest amounts are reached 
every year about the first of November and the middle 
of February. At the former time, the sun passes the 
meridian sixteen minutes before the clock shows twelve; 
in February, fourteen or fifteen minutes after twelve. 

To define mean time astronomers imagine a mean sun 
which always moves along the celestial equator so as to 
pass the meridian at exactly equal intervals of time, and 
which is sometimes ahead of the real sun and sometimes 
behind it. This imaginary or mean sun determines the 
time of day. The subject will perliaps be a bttle easier 
if we describe things os they appear, imagimng the 
earth to be at rest while the mean sun revolves around 
it, crossing the meridian of every place m succession. 
We thus imagine noon to be constantly traveling around 
the world |ln our latitudes, its speed is not far from a 
thousand feet per second; that is to say, if it is noon at 
a certain place where we stand, it will one second after- 
ward be noon about one thousand feet farther west, in 
another second a thousand feel yet farther west, and so 
on through the twenty-four hours, until noon will once 
more get back to v\here we are. The obvious result of 
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this is that it is nc\cr the same time of day at the same 
moment at two places cast or west of each otlicr. As we 
travel west, wo shall continually find our watches to be 
too fast for the places which we reach, wliile in tra\elinff 
cast they will be too slow. Tlus varying time is called 
local time. 


BTAKDAIID TlitE 

Formerly the use of local time caused great incom cn- 
icnce to tra\cler8. E>cry railway had its owm meridian 
which it ran its trains by; and the traveler was fre- 
quently liable to miss his train by not knowing the rela- 
tion between his watch or a clock and l)ie railway time. 
So in 1883, our present system of standard time was in- 
troduced Under this system, standard meridians arc 
adopted fifteen degrees apart, tliis being the space o^cr 
which the sun passes in one hour. The time at which 
noon passes a standard meridian is then used through- 
out a zone extending seven or eight degrees on each 
side This is called standard time. TJic longitudes which 
mark the zones are reckoned from Greenwich. It hap- 
pens that Philadelphia is about seventy-five degrees in 
longitude, or five hours in lime from Greenwich More 
exactly, it is about one minute of time more than this 
Thus the standard meridian which we use for the East- 
ern Stales passes a httle east of Philadelphia WJien 
mean noon reaches this meridian it is considered ns 
twelve o’clock as far west os Ohio. An hour later, it is 
considered twelve o’clock in the Mississippi Valley. An 
hour later, it is twelve o’clock for the region of the 
Rocky Mountains. In yet anothc’’ ^rtur, it is twelve 
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o’clocX on the Pacific coast. Tims we use four difTercnt 
hinds of time, Eastern time, Central time, Alountain 
time, and Pacific time, differing from each other by 
entire hours. Using tills lime, the traveler has only to 
set his watch forward or bach one hour at a time, as 
he travels between the Pacific and the Atlantic coast, 
an^he ^11 alwaj s find it correct for the region in which 
he is at the time. 

It b by this difference of time that the longitudes of 
places are determined. Imagine tliat an observer in 
New York makes a tap Tnth a telegraph key at the 
exact moment when a certain star crosses hb meridian, 
and that this moment b recorded at Chicago as well as 
New York. When the star reaches the mendian of Chi- 
cago, the obsencr taps the lime of its crossing over his 
meridian in the same way. The interval between the two 
taps shows the difference of longitude between the two 
cities. 

Another method of getting the same result b for each 
observer to telegraph his local time to the other. The 
difference of the two times gives the longitude. 

In tlus connection, it must be remembered that the 
heavenly bodies rise and set by local, not standard, time. 
Hence the time of rising and setting of the sun, given in 
the almanacs, will not answer to set our watches by for 
standard time unless wc are on one of the standard 
meridians. One difference between these two kinds of 
time is that local lime vories continuously as we travel 
east or west, while standard time varies only by jumps 
of one hour when we cross the boundaries of any of the 
four zones just described. 
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^viinnr. tup dat citance^ 

Midiugljt, like noon, is continunll^’ trn> cling round 
tlic earth, crossing all the meridians in succession. At 
c\cr^ crossing it inaugurates the beginning of anotlicr 
daj’ on that meridian. If it is Jlonday at anj crossing, 
it >viU be Tuesday ^vhen it gets back again. So there 
must be some meridian where Monday changes to Tues- 
day, and where c\ cry <Iay changes into the day follow- 
ing. Tliis diiiding meridian, called the “date Hne,” w 
determined only by custom and conxcnicncc. As colo- 
nization extended toward the cast and the west men 
carried their count of days with them. The result was 
that whenever it extended so far that those going cast 
met tliosc going west they found their time differing by 
one day. Wlint for the westward tra\elcr was Monday 
was Tuesday for tlie eastern one. This was the case 
when we acquired Alaska The Itussians haring reached 
tliat region by traxeling cast, »l was found that, wlicn 
we took possession by going west, our Saturday was 
their Sunday. TIus ga\c nsc to tlio question whether 
the inhabitants, in celebrating the fesliials of the Greek 
Church, should folkiB the old or the new reckoning of 
dajs Thesubject was referred to the head of Uie church 
at St. Petersburg, and finally to Struie, tlic director of 
the Pulko^a Obsenatorj, the national astronomical 
institution of tlie empire Slruxc made a report in faior 
of the American reckoning, and iho change to it was 
duly carried out. 

At tlie present time custom prescribes for the dale 
line the meridian opposite that of Greenwich Tins 
passes tlirough the Pacific Ocean, and in its course 
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crosses \ery little land— only the northeastern comer 
of Asia and, perhaps, some of the Riji Islands. Tins 
fortunate circumstance presents a serious inconvenience 
which might arise if the dale line passed through tlie 
interior of a country. In this case the people of one 
city might have their time a day different from those 
of a neighboring city across the line. It is even conceiv- 
able that residents on two sides of the same street would 
have different days for Sunday. But being in the ocean, 
no suchincomcnience follows. The date line is not neces- 
sarily a meridian of the earth, but may deviate from 
one side to the other in order to present the inconven- 
ience we have described. Thus the inhabitants of 
Chatham Island ha^e the same lime as that of the 
neighboring island of New Zealand, although the me* 
ridian of 180* from Greenwirii runs between them. 
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IjniERE THE DAT CHANGEsJ 
Midnight, like noon, is continually traveling round 
the earth, crossing all the meridians in succession. At 
every crossing it inaugurates the beginning of another 
day on that meridian. If it is Afonday at any crossing, 
it will be Tuesday when it gets back again. So there 
must be some meridian where Monday changes to Tues* 
day, and where every day clianges into tlie day follow- 
ing. This dividing meridian, called the “date line,” JS 
determined only by custom and convenience. As colo- 
nization extended toward the cast and the west men 
carried their count of days with them. Tiie result was 
that whenever it extended so far that tjiose going east 
met those going west they found their time differing by 
one day. What for the westixard tra^ele^ was Monday 
was Tuesday for the eastern one. Tliis uas the case 
when we acquired Alaska. The Russians having reached 
that region by traveling east, il was found that, when 
we took possession by going west, our Saturday was 
their Sunday. This ga\e rise to the question wliether 
tlie inhabitants, in celebrating tlie festhals of the Greek 
Church, should follow the old or the new reckoning of 
days Thesubject was referred to the head of the church 
at St. Petersburg, and finally to Stru\e, the director of 
the Pulkova Obscr\alorj, the national astronomical 
institution of the empire Struve made a report in favor 
of tlie Amencan reckoning, and the change to it was 
duly earned out. 

At the present time custom prescribes for the date 
line the meridian opposite that of Greenwich. Tliis 
passes through the Pacific Ocean, and in its course 
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poles, being continued in both directions through space, 
marks the north and south poles of the celestial sphere. 

We know tliat the earth’s equator passes around it at 
an equal distance from the two poles In the same way 
n e ha^ c an equator on tlie cdestial sphere wliich passes 
around it at a distance of ninety degrees from either 
celestial pole. If it could be painted on the sky we should 
alwaj s see it, by day or night, in one fixed position. We 
can imagine exactly how it nould look. It intersects tlie 
horizon in the east and west points, and is in fact the 
line which the sun seems to mark out in the sky by its 
diurnal course during the twelve hours that it is nho%e 
the horizon at the equinoxes, in ^larch or September. 
In our northernmost Slates it passes about halfway 
between the zenith and the south horizon, but passes 
nearer the zenith the farther south we are. 

As we ha%e circles of latitude parallel to the equator 
passing around the earth both north and south of the 
equator, so wo ha% e on the celestial sphere circles paral- 
lel to the celestial equator, and therefore having one or 
the other of the celestial poles as a center. As the 
parallels of latitude on the earth grow smaller and 
smaller toward the pole, so do these celestial circles 
grow smaller lonard the celestial poles 

We know that longitude on the earth is measured by 
the position of a meridian passing from the north to the 
south pole through the place nhose position is to be 
defined The angle which this meridian makes with that 
through the Greenmch Observatory is the longitude of 
the place 

We have the same system in the heavens. Circles are 
imagined to pass from one celestial pole to the other in 



IV 

now THE roSITIOK OP A HEAVENET 
BODY XS DEPXNED 

In this chapter I lia\e to use and explain some tech- 
nical terms. The ideas comeyed bj’ them are necessary 
to a complete understanding of the celestial motions, 
and of the positions of the stars at any hour when we 
may wish to observe them. To t!ic reader who desires 
only a general idea of celestial phenomena, this chapter 
will not be necessary. I must invito one who wants a 
knowledge more tliorough than iJn's to make a close 
study of the celestial sphere as it was described in our 
second chapter. Turning back to our first figure, ne see 
ourscUcs concerned witli the relation of two spheres. 
One of these is the real globe of the earth, on the sur- 
face of which we dwell, and which is continually carry- 
ing us around by its daily rotation. The other is the 
apparent sphere of the heavens, which surrounds our 
globe on all sides at nn enormous distance, and which, 
although it lias no reality, we are obliged to imagine 
in order to know where to look for the heavenly bodies. 
Notice that we see this sphere from its center, so that 
everything we see upon it appears upon its inside sur- 
face, while we see the surface of the earth from the 
outside. 

There is a correspondence between points and circles 
on these two spheres. We have already shown how the 
axis of the eartli, which marks our north and south 
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Tlie position of n star on the celestial sphere is defined 
in the same way that the position of a city on the cartli 
is defined, by its longitude and latitude. But different 
terms ore used. In astronomy, the measure which corre- 
sponds to longitude is called right oacemion; that which 
corresponds to latitude is called declination. We thus 
haie the following definitions, which I must ask the 
reader to remember carefully. 

The declination of n star is its apparent distance 
from the celestial equator north or south. In the figure 
■ the star is in declination '25® north. 

The right ascension of a star is the angle which the 
hour circle passing through it makes with tlie equi- 
noctial colure wliicli passes through the \crnal equinox. 
In the figure the star is in three hours right ascension. 

Tlie right ascension of a star is, in astronomical 
usage, generally expressed as so many hours, minutes, 
and seconds, in the way shown on Figure 3. But it may 
equally well be expressed in degrees, ns we express the 
longitude of a place on the earth. The right ascension 
e3:pressed in hours may be changed into degrees by the 
simple process of multipUcaUon by 16. This is because 
the earth revolves 16® in an hour. Figure 3 also shows 
us that, while the degrees of latitude are nearly of 
the same length all over the earth, those of longitude 
continually diminish, slowly at first and more rapidly 
afterwards, from the equator toward the poles. At the 
equator the degree of longitude is about 69^^ statute 
miles, but at the latitude of 45“ it is only about 42 
miles. At 60° it is less than 35 miles, at the pole it 
comes down to nothing, because there the meridians 
meet. 
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c^cry direction, but nil intersecting tlic equator at right 
angles, as shoun in Figure 3 Tiicse are called hotir 
circles One of them is colled the equinoctial colure, and 
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IS so marked in the figure It passes through the vernal 
equinox, a point to be defined in the next chapter This 
circle plays a part in the sky corresponding to the 
meridian of Greenwich on the earth’s surface 
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THE ai>ntia1j motion oy the earth 

AND ITS RESULTS 


It is ivell knowD that the earth not only turns on its 
axis, but makes an annual re\olution round the sun 
The result of this motion — m fact, the phenomenon by 
^hich it IS shown — is that the sun appears to make an 
annual revolution around the celestial sphere among the 
stars We have only to imagine ourselves movnng round 
the sun and therefore seeing the latter in different dircc 
tions, to sec that it must appear to us to move among 
the stars, which are farther than it is It is true that 
the motion is not at once evident because the stars are 
invisible in the daytime But the fact of the motion 
will he made v ery clear if, day after day, we watch some 
particular fixed star lu the west We sliall find that it 
sets earher and earlier every day , in other words, it is 
getting continually nearer and nearer the sun More 
exactly, since the real direction ot the star is unchanged, 
the sun appears to be approaching the star 

If we could see the stars in the daytime, all round the 
sun, the case would be yet clearer We should see that 
if the sun and a star rose together in the morning the 
sun would, during the day, gradually work past the star 
in an easterly direction Between the rising and setting 
it would move nearly its own diameter relative to the 
star Next raormng we should see that it had gotten 
29 
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We may see that the speed of the rotation of the 
^earth follow's the same law of diminution/^ At tlie equa- 
tor, 16° is about 1,000 miles. There the rotation is at 
the rate of 1,000 miles an hour. This is about 1,500 
feet per second. But in latitude 45° the speed is 
diminished to little more than 1,000 feet per second. 
At 60°, north, it is only half that at the equator; at the 
poles it goes down to nothing. 

In applying this system the only trouble arises from 
the earth’s rotation. As long as we do not travel, we 
remain on the same circle of longitude on the eartli. But 
by the rotation of the earth, the right ascension of any 
point m the sky which seems to us fixed, is continually 
changing. The only difference between the celestial 
saeridvan and an ho\it citeW is th&i the former ttft.\els 
round with the earth, while the latter is fixed on the 
celestial sphere 

There is a strict resemblance in almost every point 
between the eartli and the celestial sphere. As the former 
rotates on its axis from west to east. Hie latter seems to 
rotate from east to west. If we imagine the earth cen- 
tered inside the celestial sphere willi a common axis 
passing through them, as shown in the figure, we shall 
have a clear idea of the relations we wish to set forth. 

If the sun, like the stars, seemed fixed on the celestial 
sphere from year to year, the problem of finding a star 
when we knew its right ascension and declination would 
be easier than it actually is Owing to the annual revo- 
lution of the earth round the sun there is a continual 
change in the apparent position of the sphere at a given 
hour of the night. We must next point out the effect 
of this revolution 
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and which they called tlxe ecUpttc They noticed that 
the planets follow nearly but not exactly the same gen 
eral course as the sun among the stars A belt extending 
around on each side of the cchptic^ and broad enough 
to contain ell the loiown planets, as well as the sun, was 
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called the zodiac It was dmded into twelve signs, each 
marked by a constellation The sun goes through each 
sign in the course of a month and through all twehe 
signs in a year Thus arose the familiar signs of the 
zodiac, wluch bore the some names as tlic conslcUalions 
among which Ihej were situated This is not the case at 
present, owing to the slow motion of precession soon to 
he described. 
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quite away from t}ie star, being nearly two diameters 
distant from it. Tlie figure shows how this v, ould go on 
at the time of the spring equinox, after March 21. This 
motion would continue month after month. At the end 
of the year t!ie sun would have made a complete circuit 
of the heavens relative to the star, and we should see the 
two once more together. 
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obliquity of the ecliptic nrises from tlic fact tlial tlio 
enrtli’s axis is not \crlicAl, as just supposed, but is in- 
clined 23Vi®. Tile ecliptic has the same inclination to 
the plane of the platform; thus the obliquity is the 
result of the inclination of the Orth’s axis. An im- 
portant fact connected uilh the subject is that, as the 
earth makes its rc\olulioi\s around the sun, the direc- 
tion of its axis remains unchanged in space ; hence its 



Fio, 6. IIoxo tht 06/i<juifjr of the Ecliptic Pro- 
dueet the Chanffet of Seasons 


north pole is tipped a'way from the sun or toward it, 
according to its position in the orbit. Tliis is shown in 
Figure 6, which represents the platform we liave sup- 
posed, with the earth’s axis tipped toward the right 
hand. The north pole will alwaj's be tipped in this di- 
rection, whether the earth is cast, west, north, or soutlj 
from the sun. 

To see the effect of tire incKnation upon the ecliptic 
suppose that, at noon on some tweuty-first day of 
March, the earth should suddenly stop turning on its 
axis, but continue its course suound the sun. IVliat we 
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It will be seen that the two great circles we hare de* 
scribed spanning the entirp celestial sphere are fixed in 
entirely different ways. The equator is determined by 
the direction in which the axis of the earth points, and 
spans the sphere midway between the two celestial poles. 
The ecliptic is determined by the earth’s motion around 
the sun. 

These two circles do not coincide, but intersect each 
other at two opposite points, at an angle of or 

nearly one quarter of a right angle. This angle is called 
the obliquitt/ of the ecliptic. To understand exactly how 
it arises we must mention a fact about the celestial 
poles ; from what we have said of them it will be seen 
that they are not determined by anything in the heav- 
ens, but by the direction of the eartli’s axis only ; they 
are nothing but the two opposite points in the hca^'cni 
which lie exactly in the line of the earth’s axis. The 
celestial equator, being the great circle halfway be- 
tween the poles, is also fixed by the direction of the 
earth’s axis and by nothing else. 

Let us now suppose that the earth’s orbit around tlic 
sun is horizontal. We may in imagination represent 
it by the circumference of a round level platform with 
the sun in its center. We suppose tlie earth to move 
around the circumference of the platform with its cen- 
ter on the level of the platform; tlien, if the earth’s axis 
were vertical, its equator would be horizontal and on o 
level with the platform and therefore would always be 
directed toward the sun in its center, ns the earth made 
its annual course around the platform. Then, on the 
celestial sphere, the ecliptic determined by the course of 
the sun would be the same circle ns the equator. The 
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21. The dales ^•nr 3 a liUlc from 3 ear lo year owing to 
the plan of leap years 

We see that there, are four cardinal points in this ap- 
parent annual course of the sun^ (1) Wliere ne liaie 
commenced our anlclr is the \ernal equmov (2) The 
point where the sun, hanng reached its northern limit, 
begins to again approach the equator This is called tlie 
summer solstice (3) Opposite the vernal equinox is the 



autumnal equinox, which the sun passes about Septem 
her 23 (4) Opposite the summer solstice is the point 
wliere the sun is farthest south This is called the winter 
solstice 

The hour circles which pass from one celestial pole to 
t!ie other through these points at right angles to the 
equator are called cdlures That which passes through 
tlic vernal eqiunox is the equinoctial colure, from which 
right ascensions are counted as already described The 
one at right angles to it is called the solstitial colure 
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should then see during the next three months is repre- 
sented in Figure 7, in which we are .supposed to be 
looking at the soutliern sky. We see the sun on the 
meridian, where it mlf at first seem to remain immov- 
able. The figure shows the celestial equator passing 
through the past and west points of the horizon ns al- 
ready described and also tlie ecliptic, intersecting it at 
the equinox. Watching the result for a time equal to 
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EclipUe ta Spring and Summer 


three of our months we should see tJio sun slowly make 
its way along the ecliptic to the point marked “sum- 
mer solstice,” its farthest northern point, which it would 
reach about June 22. 

Figure 8 enables us to follow its course for three 
months longer. After passing the summer solstice, its 
course gradually carries it once more to the equator, 
which it again crosses about September 23. Its course 
during the rest of tlve year is tlie counterpart of that 
during the first sis months. It is fartliest soutli of tlie 
equator on December 22, and again crosses it on March 
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TOE SSASOKS 

If the earth’s axis vere perpendicular to the plane of 
the ecliptic, the latter would coincide .with the equator, 
and we sliould have no difference of seasons tlic jear 
round. The sun would always rise in the exact east and 
set in the exact west. There would be only n ^ery slight 
cliange in the temperature arising from the fact that 
the earth is a little nearer the sun in January than in 
July. Owing to the obliquity of the ecliptic it follows 
tliat, while the sun is north of the equator, which is the 
case from March to September, the sun slunes upon the 
norliicm henvisphcic during a greater time of each day, 
and at a greater angle, than on the southern hemi- 
sphere. In the southern hemisphere tlie opposite is tlie 
case. The sun slunes longer from September till ^larch 
than it does on the northern hemisphere. Thus wc hare 
winter in the northern hemisphere when it is summer m 
the southern, and rice versa. 

REUVnONS BETWEEN BEAI, AND APPARENT MOTIONS 

Before going farther let us recapitulate tlie phenom- 
ena we have described from the two points of ^ iew ; one, 
that of the real motions of the cartli; the other, that of 
the apparent motions of the heavens, to which the real 
motions give rise. 

The real diurnal motion is the turning of the earth 
on its axis. 

The apparent diurnal motion is that which the stars 
appear to ha\e in consequence of the earth’s rotation. 

The real annual motion is that of the earth round the 


sun. 



so THE CELESnVL MOTIONS 

Irct US Tio« sliow the relation of the constellations to 
the seasons and the tune of tlaj Suppose that to da} 
the sun and n star passed the mendian at the same mo- 
ment, to morrow tlic sun viU be nearl^ a degree to the 
cost of tlic star, vhich shows that tlie star will pass the 
meridian ncarl} four minutes sooner than the sun will 
This mil continue day after day throughout the entire 
year until tlic two wiU again pass the meridian at about 
the same moment Thus the star will have passed once 
oftencr than the sun That is to sa} In the course of a 
common jear, while the sun has passed the meridian 
Q65 times, a star lias passcti it 3C6 times Of course, u 
we take a star m the south, it will ha\ c risen and set the 
same number of times 

Astronomers keep the reckoning of this different ris 
ing and setting of the stars by using a sidereal (lay» 
star day, equal to the interval between two passages of 
a star, or of the ^crnal cquinos, across the meridian 
They divide this day into Iwcntj four sidereal hours, 
and these into minutes and seconds, according to the 
usual plan Thej also use sidereal clocks wluch gam 
about three minutes and fiftj sis seconds per day on 
the ordinary clocks and thus show sidereal tune Side 
real noon is the moment at which the vernal cqumos 
crosses the meridian of the place Tlie clock is tlien set 
at 0 hours, 0 minutes, and 0 seconds Thus set and 
regulated, the sidereal clock keeps time wath the ap- 
parent rotation of the celestial sphere, so that the 
astronomer has only to look at his clock to see, by day 
or by mght, what stars are on the mendian and what 
the positions of the constellations are 
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During our winter months the case is re\ersed. The 
southern hemisphere is then tipped toward t!ie sun, and 
the northern hemisphere away from it. Consequently, 
summer and long days arc the order in the southern and 
the reverse in tlie northern hemisphere. 


THE TEAn AKD THE PltECESSIOK OF THE EOUINOXES 

We most naturally define the year ns the interval of 
time in which the earth resolves around tlie sun. Prom 
wliat we ha^ e said, there are two ways of ascertaining 
its length. One is to find the interval between two pas- 
sages of the sun past the same star. The other is to find 
the interval between two passages of the sun past the 
same equinox, that is, across the equator If the latter 
were fixed among the stars the two intenals would be 
equal. But it was found by the ancient astronomers, 
from observations extending through several centuries, 
that these two methods do not gl^ e the same length of 
year. It lakes the sun about cle\ en minutes longer to 
make the circuit of the stars than to make the circuit of 
the equinoxes. Tlus shows that the equinoxes steadily 
shift their position among the stars from j ear to year 
Tills shift IS called the precession of the equinoxes It 
does not arise from anything going on m the hcaiens, 
but only from a slow change in tlie direction of the 
earth’s axis from year to year as it moies around the 
sun. 

If we should suppose tlie platform in Tigure 6 to last 
for six or seien thousand years, and the earth to make 
its six or scicn tliousand revolutions around it, we 
should find that, at the end of this time, the north end 
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The apparent annual motion is that of the sun 
around the celestial s^crc among tlie stars 

Bj the real diurnal motion tlie plone of our horizon 
IS earned past tlie sun or a star 
We then say that tlie sun or star rises or sets, as the 
case may be 

Abopl March twenty first of c%cry year tlie plane of 
the earth’s equator posses from the north to the soutli 
of the sun, and about Seplcrnber twenty third it re- 
passes toward the north 

We then say that tlie sun crosses to the north of tlie 
equator in March, and to tlie south in September 
In June of c\cry year the plane of the eorth’s cqua 
tor is at tlie greatest distance soutli of tlie sun, and m 
December at tlie greatest distance nortli 
We say m the first case that the sun is at the north 
em solstice, and in the second that it is at the southern 
solstice 

The earth’s aaas is tipped twenty three and a half 
degrees from the perpendicular to the earth’s orbit. 

Tlie apparent result is tlmt the echplic is inclined 
twenty three and a half degrees to the celestial equa 
tor 

During June and the other summer months the 
northern hemispl ere of the earth is tipped toward the 
sun Places in north latitude, as they are corned round 
by the turning of the earth, are then in sunbght dunng 
more than half their course , those in south latitude less 
The result as it appears to us is that the sun is more 
than half the tune aboie the horizon, and that we have 
the hot weather of summer, while in the southern herm 
'sjhterf'hifiArys iirE ^i ■oftjinili^in.'seirsuu'nj'wnfcei 
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The two lands of year we have described are called 
tropical and sidereal. The tropical year is the interval 
between two returns of the sun to the equinox. Its 
length is 365 days 5 hours 48 minutes 46 seconds. 

Since the seasons depend upon the* sun’s being north 
or south of the equator* the tropical year is that used 
in the reclvoning of time. The ancient astronomers 
found that its length was about three hundred and 
sixty-five and one quarter days. As far back as the 
lime of Ptolemy the length of the year was known even 
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more exactly than this, and found to be a few minutes 
less than three hundred and sixly-fi\e and one quarter 
days. The Gregorian Calendar, which nearly all civi- 
lized nations now use, is based upon a close approxi- 
mation to this length of the year. 

The sidereal year is the interval between two pas- 
sages of the sun past the same star. Its length is three 
hundred and six^-five days six hours and nine min- 
utes. 

According to the Julian calendar, which was in use 
in Clmstendom until 1582, the year was considered to 
be exactly 36514 days. This, it will be seen, was 13 min- 
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of the axis of the earth, ins^d of bein^ tipped ton'ard 
our right hand, as sho^ in the figure, would be tipped 
directly toward us. At tlic end of another six or seven 
thousand years it would be tipped toward our left; at 
the end of a tliTrd such period it would be tipped away 
from us, and at the end of a fourth, or about twenty-six 
thousand years in all, it would have gotten back to its 
original direction. 

Since the celestial poles arc determined by tlie di- 
rection of the earth’s axis, tJjis change in the direction 
of the axis makes them slowly go around n circle in the 
heavens, having a radius of about twenty-three and a 
half degrees. At the present time the pole star is a lit- 
tle more than a degree from the polo. But the pole is 
gradually approaching it and will pass by it in about 
two hundred years. In twelve thousand years from now 
the pole will be in the constellation Lyra, about five 
degrees from the bright star Vega of that constella- 
tion. In the lime of the ancient Greeks their navigators 
did not recognize any p 9 le star at all, because wiiat is 
now such was then ten or twelve degrees from the pole, 
the latter having been between it and the constellation 
of the Great Bear. It was the latter which they steered 
by. " ' 

It follows from all this that, since the celestial equa- 
tor is the circle midway between the two poles, there 
must be a corresponding shift in its position among the 
stars. The effect of this shift during the past two thou- 
sand years is shown in Figure 9. Since the equinoxes 
are the points of crossing of the ecliptic and the equa- 
tor, they also change in consequence of this motion. It 
is thus that the precession of the equinoxes arises. 
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utcs 14 seconds more than tJic true Icn^tJi of tlie tropi 
cal j car Consequently, Ihc seasons were slowly cliang 
ing in the course of centuries In order to ob\ mte tins, 
and ha%c a jear whose a^c^ngc length was as nearly 
as possible correct, a decree was passed by Pope Grog 
ory XIII by ^hich, m three ccntuncs out of four, a 
day was dropped from the Julian calendar According 
to the latter, Uie closing year of every century would be 
a leap year In the Gregorian calendor 1600 was still 
to remain a leap 3 car, but ICOO, 1700, 1800, and IDOO 
uere all common years 

The Gregorian calendar was adopted immediately b} 
all Catholic countries, and from time to time by Protes 
tanl countries also, so that for the past 160 years it has 
been universal in both 
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THE RErRACTIlfO TELESCOPE 

There is no branch of science more interesting to tlie 
public than that Rith whicl» the telescope is concerned. 
I assume’ that the reader vrishes to have an intelh’gcnt 
idea as to Tvhat o telescope is and what can be seen with 
it. In its most complete form, as used by the astronomer 
in his observatory, the instrument is quite comics. But 
there arc a few main points about it which can be maS' 
tcred in a general way by a little close attention. After 
mastering these points, the visitor to an observatory 
will examine the instrument with much more satisfac- 
tion than he can when he knows notliing about it. 

An important function of a telescope, os we all know, 
is to make distant objects look nearer to us; to sec an 
object miles away as if it were, perhaps, only as many 
yards. The optical appliances by which this is effected 
can be readily understood. They ore made with large 
well-polished lenses, of the same kind as those used in a 
pair of spectacles, differing from the latter only in 
their size and general perfection. There are two ways 
in which the light coming from the object may be col- 
lected; one way is by passing ttie light through a set of 
lenses, and the otlier, by reflecting it from a concave 
mirror. Thus we have two different kinds of telescope, 
one called refracting, the other reflecting. We begin 
with the former. 
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THE LENSE5 OF A TEI FSCOPE 

Tlic lenses of ft rcfrftcling telescope comprise two 
combinations or systems, one is the object glass, or 
**objectnc,” ^^luch forms the image of n distant object 
in tlie focus of tlie inslruincnt , the other js the eye- 
piece, Mith ^^lllch tlus tmftgc is \icue<1 

The objcctuc is the rcftllj diflicuU and delicate part 
of tlie instrument Its construction inrolves more re- 
fined shill than that of ftll the other parts together 
How great is the natural aptitude required may he 
judged from the fact that ft half century ago there wo^ 
but one man in the world in whose nhilitj to make a 
perfect object glass of the largest size astronomers 
e^erj where would hftse felt confidence IJns man was 
AUan Clarh, of whom we shall soon speak 

Tlie object glass, as coromonlj mode, consists of two 
large lenses The power of tlie telescope depends alto- 
gether on the diameter of these leases, which is called 
the aperture of the telescope The aperture may lary 
from three or four inches, in the little telescope wluch 
one has in lus house, to more then three feet in the great 
telescope of the Yerhes Obseirntory One reason why 
the power of the telescope depends on the diameter of 
the object glass is tliat m order to see an object mag 
nified a certain number of tunes in its natural brigl t 
ness, we need a quantitj of light expressed by the 
square of the magnifying power For example, if we 
ha\e ft magnifying power of one hundred, we should 
need ten thousand times the light I do not mean that 
this quantity of light %• alwojs nccessarj it is not so, 
because we can commonly see an object with less tlian 
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its natural illumination. Skifl, we need a certain amount 
of light, or it will he too dim. 

In order that distinct vision of a distant object may 
be secured in the telescope, the one great essential is 
that the object-glass should bring oil the rays coming 
from any one point of the object observed to the same 
focus. If this is not brought about ;*if different rajs 
come to slightly different foci, then the object will look 
blurred, as if it were seen through o pair of spectacles 
which did not suit our eyes. Non, a single lens, no mat- 
ter of what sort of glass we make it, will not bring rays 
to the same focus The reader is doubtless aware that 
ordinary light, whether coming from the sun or a star, 
is of a countless multitude of different colors, nhich can 
be seporated by passing the light through a triangular 
prism These colors range from rod at one end of the 
scale, through yellow, green, and blue, to violet at the 
other. A single Jens brings these different rays to dif- 
ferent foci; the red farthest from the object-glass; the 
violet nearest to it. This separation of the rays is called 
dupersion. 

The astronomers of two centuries ago found it impos- 
sible to aioid the dispersion of a lens About 1750, 
Dollond, of Ixindon, found that it vas possible to cor- 
rect this defect by using two different kinds of glass, 
the one crown glass and the other flint glass. Tlie prin- 
ciple by which tins is done is very simple Crown glass 
has nearly the same refracting power as flint, but it has 
nearly twice the dispersive power. So Dollond made 
an objective of two lenses, a section of which is shown in 
the figure. First there was a convex lens of crown glass, 
wlucb IS o£ the usual ccnstcuctiou. C<wnbined wilb tins 
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js n conciwtj Icin of fltnl rIiw. Tijr»c two Icmci, bcmff 
of o}i|)o^Ue cur^nturtt, ftct on tlic HgM in opjio^itc di' 
rcclions. Tljc crown jjbiM tends to bring llic Hglit to n 
focUH, wliilc llic flint. Wing concA\c, would inat.c tlie 
rnys dl\cnp. If it were used nlone, we slioutd find tlwt 
the rujs passing lliroiigh it, instend of coming to ft 
focue, diserge fftrtlicr nnd fftrlher from ft focus, in 
difFcrcnl directions. Now, the flint glft*< is frwdc with 
hut hltlc more limn luitf (he jmwer of tlfc crown. TIiU 

niNT CLA^ 

CP.OWN OLAS3 
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hftU power is nufilcicnt to iieutrnlire llic dispersion of 
the crown; hut it does not neulrnliic much more limn 
half the refraction. The combined result is that nil the 
rajs jmssing llirough the combination arc brought 
nearly to one focus, which is about twice ns far away 
as llie focus of Uie crown alone. 

I say brought nrarJff to one focus. It Imppens, un* ^ 
fortunately, llmt the combinctl nclion of tlic two glasses 
is such that it is impossible to bring nil tlic rays of the 
various colors nbsolutclj' to the same focus. The larger 
the tclcscojic, the more serious the dcfccL If you lool* 
at the moon or a bright star through any large refract- 
ing telescope, jou will sec it surrounded by a blue or 
purple fringe. The two lenses cannot bring the blue 
or siolet light to tlic some focus srith the otlicr colors. 

By the action of the objective, in thus bringing rfl 3 S 
to a focus, the image of a distant object is formed m 
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tUe focal plane This is a plane passing through the 
focus at right angles to tlie iv»s or line of sight of the 
telescope 

"U^hat IS meant b3 the >mngc formed bj a telescope 
can be seen by loohing into the ground glass of a cam- 
era Tntli the photographert ns he sets bis instrument for 
a picture You Uicre ecc a face or n distant landscape 
pictured on the ground glass To all intents and pur- 
poses the camera is a small telescope, and the ground 
glass, or the point where the sensitive plate is to be 
fixed to tahe a picture, is the focal plane We may slate 
the matter in the reverse direction b^ saying tliat the 
telescope is a large camera of long focus, witli wluch 
we can tahe photographs of the heavens ns llic pliotog 
rapher tabes ordinary pictures witii the camera 

Sometimes we can better comprehend what an object 
13 by understanding what it is not In the celebrated 
moon hoax of a century ago, tlicrc was a statement 
which illustrates the point The writer who perpetrated 
tlus jobe on many credulous readers said that Sir John 
Herschel had observed the moon with such enormous 
magnifying power that there was not light enough for 
the image to be visible It was then suggested to him 
that the image should be illuminated by artificial hght 
This was done with such brilliant success that animals 
in the moon were made visible throtigh the telescope If 
many people, even those of the greatest intelligence, 
had not been deceived by this, I should hardly deem it 
necessary to say that the image of an object formed by 
a telescope is such that, in the veiy nature of things, 
extraneous hght cannot aid in its formation Its effect 
iveness docs not proceed from its being a real image 
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but only from llic fnct Uml nil the rn^s from any 
point of a distant object meet jn n corresponding pom 
of the linage and there dnerge again, just ns if a 
ture of the object were placed in the focal plane The 
fnct IS that the term picture is perhaps a httlc belter 
one than image to apply to tins representation of I ® 
object, onlj the picture is formed by light and nothing 
else . 

If an image or picture of the object is thus foitnoo 
so ns to stand out before our eyes, one may ask ^hy a" 
eyepiece is ncccssar j to view it , why the obscri er cann 
stand behind the picture, look toward the objectire, oa 
sec the picture banging in the nir, ns it were He can 
really do so if he holds a ground glass in tlie focal plimc* 
as the photographer does with the camera He can tbu 
see the image formed on the glass If ho looks into the 
object glass he can see it wthout any eyepiece 
only a >erj small portion of it iriU be nsible at any 
point, and the advantage over looking directly at the 
object will be sbght To see it to advantage an eyepiece 
must be used This is uotlung more than a bttle eye 
glass, essentially of the same kind that the watch 
maker uses to examine the works of a watch Tlic 
shorter the focus of the eyepiece, the more closdy the 
esaminatioa can be made 

The question is often asked, how great is the mngm 
fying power of some celebrated telescope? The answer 
13 tliat the magnifying power depends not only on tlic 
object glass but on the eyepiece The shorter the focus 
of the eyepiece, the greater is the magnifying power 
Astronomical telescopes are suppbed with quite a large 
collection of eyepieces, varying from the lowest to the 
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highest power, accoi^ing to the needs of tlie observer. 
So far ns the gcomelric principle goes, we can get anj 
magnifying power we please on any telescope, liowcvcr 
small. By viewing the image witli an ordinary micro- 
scope, such ns is used by physicians, we might give n 
little four-inch telescope the magnification of Hcrschcl’s 
great reflectors. But there are many practical difficul- 
ties in carrying the magnification of any instrument 
above a certain point. First there is the want of light 
in seeing the surface of an object. If we looh at Saturn 
with a tlirce-inch telescope, using a magnifying power 
of several hundred times, the planet seems dim and in- 
distinct. But this is not the only difficulty in using a 
high magnifying power with a small telescope, Tlie 
nature of light is such that as a general rule we can get 
no advantage in carrying the magnification above 
fifty, or one hundred at the most, for each inch of aper- 
ture. That is to say, with n Ihrec-inch telescope we 
should gain no advantage by using n power much above 
one hundred and fifty, and certainly none above three 
hundred. 

But there is still another trouble, which annoys the 
astronomer more than all others. It is the blurring 
caused by the atmosphere, which is known as “bad see- 
ing.” 

We see a heavenly body through a thickness of at- 
mosphere which, were it all compressed to the density 
that it has around us, would be equal to about sis 
miles. We know tliat when we look at a body sis miles 
away we see its outlines softened and blurred. Tliis is 
mainly because the atmosphere through which the rays 
have to pass is in constant turmoil, causing an irregular 
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refraction winch makes the body look wavy and trcmu 
lous The softened and blurred effect thus produced is 
magnified in a telescope as many times os the object 
itself The result is that as ve increase the magnify 
ing power we increase a certain indistinctness in thi. 
Msion in tile same proportion The amount of tins in 
distinctness depends lerj much on the condition of the 
air The astronomer linMng this m mind tries to find 
locations for large telescopes where the air is steady^ 
so that the hcavcnl> bodies will look sharp wlicn seea 
Uirough it 

We frequently 6'’e calculations showing how near the 
moon can be brought to us bj using some high magm- 
fying power Tor csaniplc, witli a power of 1,000 we 
see it as if it were 240 miles away , with about 5,000, as 
if it were 48 miles away This calculotion is quite cor* 
Tcct so far os the apparent size of ony object on the 
moon IS concerned, but it takes no account of cither the 
imperfections of the telescope or the bad effect pro 
duced by the atmosphere The result of both of these 
defects is that such calculations do not give a correct 
idea of the trutli I doubt wlielhcr any oslronomer with 
an\ telescope now in. cMsicncc could gam a great fld 
vantage, in the study of such an object as tlie moon or 
a planet, by carrj ing lus magnification above a thou 
sand, unless on very rare occasions in an atmosphere 
of unusual stillness 


lIOtJVTING OV THE TELESCOrE 
Those who have never used a telescope are apt to 
think that the work of observing with it is simply to 
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poml it at a heavenly body and examine tbe latter 
through it.* But let ua try the experiment of pointing 
a great telescope nt a star. A nsult which perhaps we 
had not thouglit of comes immediately to our attention. 
The star, instead of remaining in the field of view of 
the telescope, that is to say, in the small circular por- 
tion of tlie sly which the telescope shows, rery soon 
passes out of the field. This is because, as the earth 
xe%ol\«3 on its axis, the star seems to mo\e in the oppo- 
site direction. This motion is multiplied as many times 
as the telescope magnifies. With a high power, tlic star 
is out of the field before wc ha\c time to examine it. 

Tlien it must be remembered that tlie field of view 
is also magnified in the same way, so that it is smaller 
than it appears, in proportion to the magnifying power. 
For example, if a magnification of one iliousand be 
used, the field of n*cw of an ordinary telescope would be 
about two minutes in angular measure, a patch of the 
sky BO small that to the naked eye it would look hko a 
mere point. It would be as if wc were looking at a star 
through a hole one eighth of an inch In diameter in the 
roof of a house eighteen feet Iiigh. If we imagine our- 
selves looking through such a hole and trying to sec a 
star we shall rcaddy rcahze how difficult will be the 
problem of finding it and of following it in its motion. 

This difficulty is oiercomc by suitably mounting 

*Tbe writer recalls that wbea James Uck was /ouadicg the 
ebserratorj which has since become so celebrated, the great tele- 
scope was tbe 0017 feature wbidi seemed to Interest him. and his 
plan waa to de-rote nearlj all the fonda to making tbe largest 
lens possible He did not see whf such complicated mechsolcal ap- 
paratus as that used bf astronomers was necessary, ootll the ex- 
acting requirements for precise obserraUons with a great telescope 
were explained to him. 
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the telescope, so that it turns on two axes, at right an- 
gles to each other By the mounting is meant tlie whole 
system of machinery by the aid of which a telescope is 
pointed at a star and made to follow it m its diurnal 
motion In order not to distract the attention of the 
reader by beginning a study of the instrument ^ith a 
view of all the details, we first give an otftbne, showing 



the relation of the axes on which the telescope turns 
The principal axis, called tlie polar axis, is adjusted 
so as to be parallel to the axis of tlie earth, and there- 
fore to point at the celestial pole Then, as tlie earth 
turns from west toward east, a clockwork connected 
with this axis turns the instrument from east toward 
west, With an equal mobon Thus the rotation of tlic 
eartli is neutralized, ns it were, by tlie corresponding 
rotation of the telescope m the opposite direction 
When the instrument is pointed at a star and the clock- 
work set going, the star when once found will remain in 
the field of view 
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In or^or Ihnl a telescope may be directed at any 
point of the heavens at pleasure, there must be another 
axis, at riglit angles to the polar axis. This is called the 
declination axis. It passes through a shcatli fixed to the 
upper end of the polar axis so, as to form a cross like 
the letter T. By turning tlie telescope on the two axes, 
we can point it wherever we choose. 

Since tlie polar axis is parallel to the earth's axis, 
its indinalion to the horizon is equal to the latitude of 
the place. In our latitudes, especially in the southern 
portions of the United Stales, it will be nearer horizon* 
tal than vertical. But in the observatories of northern 
Europe, it is more nearly vertical. ^ 

It will be seen that the contrivance we have described 
docs not solve the problem of bringing a star into the 
field of view of the telescope, or as we commonly say, 
of finding it. Wc might grope round for minutes or 
even hours without succeeding in this. There are two 
processes by which a star may be found : 

Every telescope for astronomical purposes is sup- 
plied with a smaller telescope fastened to the lower end 
of its tube, and called the fnder. This finder is of low 
magnifying power, and therefore lias a large field of 
view. By sighting along the outside of the tube, the 
observer, if he can see the star, can point the finder at 
it so nearly that it will be in the field of view of the 
latter. Having found it, lie moves the telescope so that 
the object shall be seen in the center of the field. Hav- 
ing brought it there, it is in the field of view of the 
main telescope. 

But most of the objects which the astronomer has to 
observe are totally invisible to the naked eye. He must. 
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therefore, have some means of pointings tlie telescope 
at a star which he cannot see without it. Tliis is done by 
graduated circles, one of .wliich is attached to each 
axis. One of tliese circles has degrees and fractions of 
a degree marked upon it, so as to show the declination 
of that point in the heavens at whicli tlie telescope is 
pointed. The other, attached to the polar axis, and 
called the hour circle, is dhndcd into twenty-four hours, 
and these again into sixty minutes each. Wlien the 
astronomer wishes to find a star, he simply looks at the 
sidereal clock, subtracts the right ascension of the star 
from the sidereal time, and thus gets its “hour angle” 
at tlie moment, or its distance east or west of tlie merid* 
mu. He sets the declination circle at the declination of 
the star, that is, he turns the telescope until tlio degree 
on the circle seen through a magnifying apparatus is 
equal to the declination of tlie star ; and then he turns 
the instrument on the polar axis until the hour circle 
reads its hour angle. Then, starting lus clockN\ork, he 
has only to look into the telescope, and there is the 
object 

- If all tliis seems a complicated operation to the 
reader, he has only to >isil an obsenatory and see how 
simply it is all done. He may thus in a few minutes 
gain a practical idea of sidereal time, liour angle, 
declination, and similar terms, which will make the 
whole subject much clearer than any mere description 


THE XtASIKG or TELESCOPES 

X»et us return to some interesting matters, mostly his- 
torical, connected with the making of telescopes. The 
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great difficulty, which requires special uati\ e shill of the 
rarest kind, is, as \vc Imc already intimated, that of 
constructing tlie object-glass. The slightest dc\iation 
from the proper form — a defect consisting in some 
part of the object-glass being too thin by a hundred 
thousandth part of an inch — would spoil the image. 

The skill of the optician who figures tlic glass, that is 
to say, who polishes it into the pioper shape, is by no 
means all that is required. Tlie making of large disks 
of glass of the necessary uniformity and purity is a 
practical problem of equal difficulty. Any de\iation 
from perfect uniformity in the glass n ill be as injurious 
to its performance as a defect in its figure. 

At the beginning of the mnelecntli century, it nas 
difficult to make flint glass of tlie necessary uniformity. 
This substance contains a considerable amount of lead, 
wWch, during tlie process of melting the glass, would 
sink toward the bottom of the pot, thus making the 
bottom portion of greater refracting power than the 
upper portion Tlie result was that, at that time, a tele- 
scope of four or fiie inches operture was considered of 
great size. Quito early in the century, Guinand, a 
Swiss, found a process by which larger disks of flint 
glass could be made. Perhaps his success lay only in 
the constant and iigorous stirnng of the melted glass 
wlule it was being fused in the pot 

To utilize these disks required an optician of cor- 
responding skill to grind and polish tliem into proper 
shape Such on artist was found in the person of Fraun- 
hofer, of Munich, who, about 1820, made telescopes as 
laige as nine inches aperture He did not stop here, but, 
about 1840, succeeded in making two telescopes with 
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objecCivcs fifteen EnglisK inches in diameter. Theso 
instruments, far exceeding any before^ made, were at 
the time regarded as man'elous. One of them was ac- 
quired by the Pulkova Observatory in Russia; the 
other was acquired by the Harvard Observatory wliere, 
after a lapse of more than half a century, it is still in 
efficient use. 

After Praunhofer’s death, a worthy successor ap- 
peared where none would liave thought of looking for 
him, in tlie person of Alvan Clark, portrait painter of 
Cambridgeporl, Mass. The fact that this man, with 
scarcely the elements of technical education and with* 
out training in the use of optical instruments, accom- 
plished what he did, illustrates in a striking way the 
importance of native talent. He seemed to have an in- 
tuitive conception of the nature of the problem, cou- 
pled with extraordinary acuteness of vision in solving 
it. Moved by that irrepressible impulse xihich is a mark 
of genius, he purchased in Europe the rough disks of 
optical glass necessary to make small telescopes, and 
succeeded in making one of four inches aperture to his 
satisfaction. 

When the excellence of !us lenses liad gained Iiim 
recognition Clark proceeded to make the largest re- 
fracting telescope that had ever been known. Tlus was 
one of eighteen inches diameter, which was completed 
about 1860 for the University of Jfississippi. IVJiile 
this telescope was being tested at his workshop, George 
B. Clark, his son, observed the companion of Sirius, 
which had been known to exist by its attraction on 
Sirius, but had never been seen by human eye. The 
breaking out of tlie Civil War prev enled the Univer- 
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Bity of Mississippi from taUn^ tlie telescope, which 
Mas acquired by citizens of Chicago. It is now the 
principal instrument of the Dearborn Obser% atory, in 
Evanston. 


onZAT nnPRACTlNG TELESCOPES 

The maUng of dislvs of glass of larger and larger 
siic was continued in England, and by Fcil of Paris, 
Bon-in-lan of Guinand. Witli this glass Clark made 
larger and larger telescopes. First was the twcnty-six- 
inch telescope for the Naval Observatory’ at Washing- 
ton and a similar one for the University of Virginia. 
Then followed a still larger instrument, thirty inches 
in diameter, for the Observatory of Pulkova, llussia. 
Nezrt was completed the tliirty-six-inch instrument of 
the Lick Observatory, in California. 

After the death of Fed, Uve business was takcu up by 
Mantois, who made optical gloss of a punty and uni- 
formity that no one before Jum had ever approached. 
He furnished the disks with nluch tlie Clarks figured 
the objective for the great telescope of the Yerkes Ob- 
servatory at Williams Bay, Wisconsin, This telescope 
is forty inclics in diameter, and is tlie largest refracting 
telescope in the world. 

In recent tunes, the manufacture of optical glass has 
been greatly improv ed both in America ond abroad A 
considerable number of experts Iiave demonstrated 
their abihty to fashion this glass into large lenses of 
the finest quahty. More than a dozen refracting tele- 
scopes having apertures of twenty six inches or more 
are in use in the study of the heavens in various parts 
of the world. 



Remarkable impro^omcnls have been accompHshed 
m the mechanical features also. The visitor in the mod- 
2rn observatory is impressed quite as much by the fa- 
cility uilh v\hich the views of tlic heavens are obtained 
as with the excellence of the views. WJiilc tlic great 
telescope is so nicely balanced that it can be easily 
moved by hand, the quick motions arc likely to be made 
by motor. When it is desired to turn the telescope to 
a now’ object, the astronomer jircsses buttons. The tele- 
scope swings to the new position. Tlie dome revohes 
to place the slit correctly for looking out in the new 
direction; and the floor of the dome, or else the observ- 
ing platform, rises or falls to bring tlic observer to the 
new position of the eyepiece. 

For many investigations with large telescopes, the 
eyepiece is removed, snd aaxiViary oppai-sivs is at- 
tached in its place. It may be a plate lioldeir for photo- 
graphic stud}’ of the hcav'cns, or a spectroscope for 
analyzing the light of the celestial bodies, or a special 
device for recording the intensity of their radiation. 
An important function of tlic telescope is to gather 
■Uic light and to concentrate it at the focus where it 
may be studied in these and other ways. Some tele- 
scopes, such as the tower telescopes of the Mount Wil- 
son Observatory are fixed. Moving mirrors direct the 
light of the celestial body steadily toward the telescope 
which brings it to focus in the laboratory below. 
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Is THE refrncling telescope, os we seen, the ob- 
jects e IS a lens, or combination of lenses, placed at the 
upper end of the tube It refracts the starlight to a 
focus near tlic lower cod of tlic tube, forming tlicrc on 
image of the star, which moy be Mewed with the eye- 
piece, or photogrophed, or otherwise studied The first 
telescopes to be employed, by GalHeo and otliers more 
tlian three centuries ago, were rcfroctors Tins type of 
telescope, in the improved achromatic form, still has 
the most general use 

In the reflecting telescope the objectne is a coneaic 
mirror placed at the lower end of the tube It reflects 
the starlight back to a focus near the upper end of the 
tube Here enters n difficulU which must be o%ercomc 
To sec the image the ohserxer must look into the mir 
ror If he leans oier tlie top of the tube to do so, he 
will be in his own light His Iicnd and shoulders will 
cut off mucli of the incoming starlight Some means 
must be found for getting the focal point out of the 
tube where the image of the star can be obseried ad 
vanlageousl} Different ways of doing this ha\e re 
suited in several different forms of the reflecting tele 
scope Two forms, the Newtonian and the Casscgrai 
man, are in use at present 

The New'tonian form of reflecting telescope employ? 
at 
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ft smflll diflgon/il mirror placed just inside tJjc iocus m 
t!ic center of the tube near its upper end Tins mirror, 
whose reflecting surface makes on angle of 45“ mth 
the axis of the telescope, receives the con\crging beam 
of light from the largo mirror and reflects it laterally 
to the side of the tube Here the image is Mowed with 
an orthnary cjcpiecc, or it maj be pliotographcd 

Obsenations with the Newtonian reflector are made, 
therefore, near the upper end of the tube The obsencr 
looks tlu-ough the eiepiece in a direction at right angles 
to the direction of the star he is examining With large 
reflectors the obscning platform, which is ottached 
to the reiolnng dome opposite the slit, is easily raised 
or lowered to place tJic observer in the required posi- 
tion for any pointing of the telescope 

The Casscgraiman form has ft smaller, sbghtly con 
>cx mirror between the principal mirror and its focus 
The small mirror reflects the converging beam of light 
back again toward the large mirror tlirough an open 
ing in its center to focus immediately behind it, where 
the eyepiece 15 placed Witli this type of telescope the 
observer looks directly toword the object he is viewing, 
as Tnth the refractor Many reflecting telescopes can 
be employed in either the Newtonian or Cassagraiman 
form 

Reflecting telescopes came into extensive use two 
centuries ago, although the principles of the different 
forms had been explained fifty years before by New 
ton, Cassegrain, and others Sir William Herscliel 
made many reflecting telescopes and used some of them 
in his celebrated explorations of tlie heavens About a 
century ago, Lord Rosse, Insli amateur astronomer. 
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possessed A reflecting telescope liaring a mirror six 
feet in diameter, the Icsialhan of its time; in fact, it 
was unsurpassed in sire by any other telescope until 
Ncry recent years. Tliis great telescope is remembered 
especially because it sborred for the first time the spiral 
structure of some of those remote celestial objects 
which came to be known, therefore, as spiral nebulae. 

The mirrors of the early reflecting telescopes were 
made of speculum metal- When their surfaces tar- 
nished, it WAS necessary to refigure tlicm. Moreover, the 
mcclianical parts of the great telescopes of Herschel, 
Hosse, and others were exceedingly crude in compari* 
son with modem ones. They could not be made to fol- 
low the celestial bodies faithfully in their westward 
motion, which is prerequisite for photograph} or, in 
fact, for about every type of astronomical research of 
tlic present day. 

Some fifty years ago, glass replaced speculum metal 
for the mirrors. The circular block of glass having one 
surface figured in the required shape is the founda- 
tion for the mirror itself — o thin sdicr coal on the 
curved surface of the glass WJicn the siher coal be- 
comes dull, it can be removed and easily replaced by n 
new coat. The great telescopes of to-doy have silvcr- 
on-glass mirrors. 

The 100-xnch reflector of the Mount Wilson Observ- 
atory, in Californio, is the largest telescope in opera- 
tion in the world Its great mirror is a circular block 
of silvered glass shglitly more than a hundred inches 
in diameter and a little more than a foot thick The 
glass itself weighs four and a half tons, Tliis telescope 
is housed in a dome a hundred feet in diameter. 
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Next in size IS the 72 inch reflector of the Doramion 
Astrophysical Obsenatorj, in Victoria It is rivaled by 
the TO inch reflector of the Perkins Observatory, near 
DelaMare, Oluo, and mil be slightly surpassed by the 
reflecting telescope now uncici construction for tlic 
University of Toronto There arc several 6 foot re* 
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the lieflecliifff Telescope 


flectors One at the Mount Wilson Observatory b^s 
been in service for a quarter of a century A new one of 
this size at tlie southern station of the Halyard Ob 
servntory, at Mazelspoort, Soutli Africa, mil power 
fully promote the photographic studies of the southern 
skies 

Greatest of all is the 200 incli reflecting telescope 
under construction for tlie California Institute of Tech 
nology In planning the great mirror, by far the largest 
lu the world, ouo of tlvo moat. TooTEwntovis pt^^locis was 
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\hal of sclccling l)jc most suitable material Ilorosibcate 
glass, a spccml lienl resistant l>pc, was the final clioice 
after all other camlulatw luwl been consulcrctl and re 
jcctwl The disk as fmalU cast trciglieil twenty tons 
This largest mirror, when set up for operation, mil 
have a focal length most disproportionately sliort — pur 
|oscIy so, according to G Tdward Pendraj,* m order 
to concentrate the light into a small image T. lus con 
ccnlration ■mil increase the power of the telescope many 
limes and mil grcalh improic its photographic utility 
Mount Palomnr, a small peak eighty miles north cast 
of San Diego, was selected ns the site of the great tele 
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light to wliicli the photographic film is most gcnsiti\c. 

Refracting telescopes intended for photograph^’ arc 
frequently made shorter than visual telescopes of the 
same aperture, so that they may command a greater 
area of the shy at one time. To provide greater dis- 
tinctness of the \icw o\er the larger area, and also to 
reduce the color blurring, their objectives arc some- 
times made of tivo pairs of lenses. Such telescopes are 
known, therefore, ns doublets. An example is the 10- 
inch Bruce doublet with tiluch Barnard secured his 
unsurpassed photographs of the ililky Way and of 
comets. The largest is the 24-incIi doublet of the Har- 
vard Observatory, which 1ms added grcotl^' to our 
knowledge of the southern celestial hemisphere. Be- 
fleeting telescopes, inasmucli os their objectives arc 
perfectly achromatic, 8cr\c equally well for visual and 
for photographic researches. 

To-day, the photographic plate has in large mea- 
sure replaced the eye at the telescope. Clear skies are 
utilized for the collection of photographs, and these 
permanent records can be studied debbcrately It often 
happens after the discovery of some object of special in- 
terest, such as a new planet or a new star, that astrono- 
mers are able to trace the history of the object for 
many jears before its discovery on earlier photo- 
graplis of that region of the sky. This was the case 
with the recently discovered planet Pluto. 

In earlier times, astronomers recorded the appear- 
ance of the sun with its spots, of the echpsed sun, of 
planets, comets, nebula:, and otlier celestial objects, by 
drawings as accurately as possible. These drawings re- 
quired a long time to make, and they contained the 
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personal bias of the artist. Sometimes two drawings of 
the same object by two astronomers bore only sbghl 
resemblance one to the other, or, as it turned out later, 
to the original. By photography nc secure n more faith- 
ful representation of the celestial object, and often in 
a much shorter time. 

One of the greatest a<l\nntages of celestial photog- 
rajihy is that the plate wnlh long exposure depicts 
many features of the hcaiens nhicli the eye can discern 
only imperfectly or not at all. Some of the nebula;, for 
example, ^luch the photograplis show \cry clearly are 
inMSible to tlic eje at the largest telescope The pho* 
tograph of a \cry faint celestial object may require 
an exposure of many hours* duration, requiring high 
accuracy in the moiing parts of the telescope, and 
ekill and patience on tlie part of the astronomer, to 
produce a clear picture. 



Part III 

THE SUN, EARTH, AND MOON 



I 

A5, IVTRODUCTOBT C I, A K C E AT THE 
SOZ.AR SlSTESt 

We HAVE shown how tlug comparatively small family 
of bodies, on one of wluch we dwell, forms as it were a 
little colony by itscU Small though it he when com- 
pared with the whole unnerse as a standard, it is for us 
the most important part of the unnersc Before pro- 
ceeding to a description of the various features of the 
solar system m detail wc roust take a general view to 
show of what kind of bodies it is formed and how it is 
made up 

Pirsl of all we have the sun, the great shining cca 
Iral body, shedding warmth and light on all the others 
and keeping the whole system together by virtue of its 
powerful attraction 

Next we have the planets, which revolve round the 
sun in their regular orbits, and of which our earth is 
one The word planet means trondercr, n term applied 
m ancient times because these bodies, instead of keep 
ing their places among the fixed stars, seemed to wan 
der about among them The planets are dmded into 
two quite distmct classes, termed major and minor 
The major planets are nine m number and are gen 
erally, next to the sun, the largest bodies of the sys 
tern For the most part their distances from the sun are 
arranged in a close approach to a cerlam regular 
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Earth, with one satolhte 
Mars, ^\llh t«o satellites. 

Il Group of Minor Planets, or Asteroids. 

Ill Outer Group of Major Planets' 

Jupiter, with nine satellites 
Saturn, w ith nine satellites 
Uranus, witli four satellites 
Neptune, with one satellite 
Pluto 

Instead of taking' up these bodies in the order of then 
distance from the sun, Aie shall, after describing the 
sun, pass over Mercury and Venus to consider the earth 
and moon Then v,e shall return to the other planets 
and describe them m order 



II 

THE SUV 


Tire great central bodj of the solar system is natu 
rallj the first to claim our attention We see that tlu 
13 a sliming glcAic The first questions to pxtsenl 
IhcmseUcs to us arc about the size and distance of this 
globe It IS easy to state its size when we hnoa its dis- 
tance We know by measurement that the angle sub- 
tended by the sun’s diameter is about half a degree If 
nc draw two lines making this angle with each other* 
and continue them indefimlely through the celestial 
spaces, the diameter of the sun must be equal to the 
scpavation of the lines at the distance of the sun The 
exact determination is a very simple problem of trigo- 
nometry It nail suffice at present to say that the angle 
of 82' which tlic sun’s diameter subtends to our eye 
shows that the distance of the sun is about 107 6 times 
its diameter in miles If> then, we know the distance of 
the sun, we have only to divide it by 107 5 to get the 
sun’s diameter * 

Now the sun’s mean distance from the earth is 92,- 
870,000 miles Divading by 107 5, we find the diameter 
to be about 864,000 miles This is about one hundred 
and ten times the diameter of the earth It follows that 
the volume of the sun is more than one million three 
hundred thousand times that of the earth 

The sun’s average density is only one fourth that of 

75 


76 TUE SUN, EARTH, .VND MOON 

the earth, and about four tenths greater than that of 
water 

Its mass js about 332,000 times tliat of the cartli 

Gravity at tlie sun*8 surface is 28 times that at the 
surface of the earth If it ticr6 possible for n human 
being to be placed there, an ordinary man would neigh 
two tons and be crushed by his own weight 

The sun’s importance to us arises from its being our 
great source of heat and light Were these withdrawn, 
not only would the world ho cn\ eloped m unending 
night, but, in the course of a short tunc, in eternal frost 
We all know tiiat during a dear night tlie surface of 
the earth grows colder through the radiation into space 
of the heat recci%ed from the sun during the day With 
out the daily influx, the loss of heat would go on until 
the cold around us would far exceed that which we now 
experience in the polar regions Vegetation would be 
impossible The oceans would freeze o%er, and all hfe 
on the earth would soon be extinct 

The surface of the sun which we ordmanlj see is 
called the photosphere TIus term is used to dislin 
guish the visible surfoce from the more nearly trans 
parent layers above it, and the vast invisible interior 
of the sun To the naked eje, the photosphere looks 
entirely uniform But tlirougli a telescope we see that 
the whole surface has a mottled appearance, which has 
been aptly compared to that of a plate of rice soup 
Examination under tlie best conditions shows tlial this 
appearance is due to minute and very irregular grams 
which are scattered all over the photosphere 

When we compare the brightness of different regions 
of tfie photosphere, we find that the apparent center of 
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ROTATION or Tlin SUN 

the dish, 15 brighter than the edge The difference can 
be seen c\cn without a telescope, if we look at the sun 
Through a dark glass, or when it is setting in a dense 
haze The falling off in the light is especially rapid as 
we apjiroach the extreme edge of the disk, where it is 
little more than half as bnght as at the center There 
is also a difference of color, the light of the edge bar 
ing a lurid appearance ns compared with tliat of llie 
center 

The photosphere is tlie htniting le\el of the sun below 
whicli we cannot see Attliough it seems as sharply dc< 
fined as the surface of a ball, it has scarcely more than 
a ten tiiQusnndtli of the density of tlic air around us 
We ^^cw this IcTcl through many thousands of miles 
of the much less dense material winch constitutes the 
sun’s ‘‘atmosphere ” The darkening and reddening of 
the pho\ospherc near the edge of the disk is caused not 
so much by the interposition of a greater tluckncss of 
this atmosphere as by the smaller depth of the photo-* 
sphere in tlus region Our oblique ^^cw of the edge of 
tlie sun IS cut off at a higher and cooler level, where 
the light 13 less intense and redder 

nOTATIO'J OF THE SON 

Careful ohser>ations show that the sun, like the earth, 
rotates from west to east on an axis passing through 
its center Using the same terms as in the ease of tlie 
carlli, we call the points in which the axis intersects 
the surface the poles of the sun, and the circle around 
it halfway between the poles the sun’s equator The 
nenod of rotation at the equator is 24 7 days As the 
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Galileo, although it was not until 1848 that Schwabe’s 
observations established their pcriodicitj’. 

The most recent maximum of sun-spots occurred in 
the spring of 1928. The spots were most numerous 
again in 1939. 

The periodic variation in the numbers of sun-spots 
is one raonifcstation of a more general clc\en-jear 
cycle in \\hich many solar and terrestrial phenomena 
arc included. Tlic scarlet prominences are more fre- 
quent near the times of sun-spot maxima. The sun’s 
corona changes form as the spots increase and diminish. 
The output of the sun’s radiation varies in tliis cycle 
also. Magnetic storms on the earth — occasions when 
the compass needle gyrates in an erratic way, and nhen 
communication by wire and! radio becomes difficult- 
increase in number and intensity witli the spots Dis- 
plays of the aurora, or “northern lights,” are more fre- 
quent and spectacular when sun-spots are numerous. 
Sbght variations of weather conditions in this cycle 
seem to be established. ‘ 

Another noteworthy low connected witli the suns 
spots 15 that they are not found all over the sun, but 
only in certain regions of solar latitude. Tliey are 
rather rare on the sun’s equator, but become more fre- 
quent as we go north or south of the equator till we get 
to fifteen degrees of latitude, north or south From tins 
region to twenty degrees the frequency is greatest; 
then it falls off, so that beyond thirty degrees a spot is 
rarely seen. These regions are shown in Figure 14» 
where the shading is darker the more frequent the spots. 
If we let a white globe represent the sun, and indicate 
by a black dot on it the location of every spot observed 
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SPOTS ON THE SUN 

dunng A number of jears, the dotting would make the 
globe look as represented in the figure 

Groups of numerous small spots bngliter than the 
photospberc m general arc usually to be seen on the 
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sun, and most often in the neighborhoods of spots 
These are the facula 

Sun-spots are manifestations of great whirling 
stoma in the sun They bear considerable resemblance 
to our own cyclones and tornadoes, except that they 
are on a raster scale The very hot gases mo\e upward 
in the solar vortex On reaching the photosphere, where 
the pressure is much less than in the regions below, the 
gases spread, flowing out over the surface By this 
expansion they are cooled and become less luminous 
therefore Thus the dark spot This flat top of the 
mushroom shaped vortex is still i err hot and bneht 



•78 THE SUN, EAUTn, AND JIOON 

distance around the sun is more than one liundred and 
ten times that round tlic cartl), the speed of rotation 
must be more than four times tliat of the earth’s rota- 
tion to mahe it complete the circuit in the time that it 
docs. At tlie sun’s equator the speed is more tlian a 
mile a second. 

An interesting feature of this rotation is tliat it is 
completed in longer periods vntli increasing distance 
from the equator. Near the sun’s north and south poles, 
tlic period of the rotation is ns much as Ci days. Were 
lljc sun a solid body, like the earth, all iU parts would 
have to rotate at the same time. Hence the sun is not a 
solid body, but must be either liquid or gaseous, at 
least at its surface. 

The equator of the sun is inclined seven degrees to 
the plane of the earth’s orbit. Its direction is such tliat 
in our spring months the north pole is turnc'd sc^en 
degrees away from us, and the central point of the 
apparent disk is about that amount south-of the suns 
equator. In our Summer and autumn months this is 
reversed. 


SPOTS ON THE BUN 

When* the sun is examined with a telescope, dark 
spots VitU generally, though not alivays, be seen on its 
surface. These are carried around by the rotation of the 
snn, and it is by means of them that the period of rota- 
tion 15 most easily determined. A spot whicli appears 
at the center of the desk will, in six days, be carried to 
the western edge, and wiUHhere disappear. At the end 
q£ about two weeks, U the apot survives, vt will reappear 
at the eastern edge. 
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Tlic spots ha\e a wide range in size, from minute 
points, barely in a good telescope, to those that 

are large enough to be seen with the naked eje through 
a dark, glass Ordinarily, lliey appear in groups, and 
A group may sometimes be discerned with the naked 
C}c when the individual spots cannot be seen. Single 
spots have measured ns much ns 50, ODD miles in di- 
ameter. The largest groups have c:vtcnded over one 
sixth of the disk. 

As ft group of spots develops, it spreads along a 
circle parallel to the sun’s equator. Tlie leader spot, 
in the direction of the sun’s rotation, is likely to be the 
largest of the group, and the longest lived, remaining 
for some time after the others have vanished Single 
spots are usually the survivors of groups. The spot 
which brings up the rear of the group is often of very 
large size also Tlio normal spot is nearly circular, 
having a darker central part, the umbra, and a lighter 
border, the penumbra In the process of disintegration 
the spots break mto very irregular fragments 

It lias been estabhshed by nearly three centuries of 
observation of sun-spots that the frequency vanes with 
oome regularity in the average period of about eleven 
years In some years, few spots, or perhaps none at 
all, can be seen at any one time Tins was the case in 
1912 and again in 1923 The year following, a slightly 
greater number show themselves, and they increase year 
after jear for about five years, on the average Then 
the frequency begins to dinnnish, year after year, until 
the cjcle is completed, and the increase begins again 
Tlvese mutations have been traced back to the time of 
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Galileo, allhougli it was not until 18i3 tlmt Scliwabc’s 
obser^ ntions established their periodicity. 

Tlic most recent mas^imum of sun-spots occurred in 
the spring of 1028. The spots were most numerous 
again in 1939. 

The periodic variation in the numbers of sun-spots 
is one monifeslalion of a more general eleven-year 
cycle in nhicli many solar and terrestrial phenomena 
are included. The scarlet prominences are more fre- 
quent near the limes of sun-spot maxima. The sun’s 
corona changes form ns the spots increase and diminish. 
The output of the sun’s radiation vanes in tlus cycle 
also. Magnetic storms on the earth — occasions when 
the compass needle gyrates in an erratic way, and when 
communication by wire and radio becomes dilDcult^ 
increase in number and intensity with the spots. Dis- 
plays of the aurora, or “norliwm lights,” etc more fre- 
quent and spectacular when sun-spots are numerous. 
Slight variations of weather conditions in this cycle 
seem to be established. 

Another noteworthy low connected with the sun s 
spots is that they are not found all over the sun, but 
only in certain regions of solar latitude. They are 
rather rare on the sun’s equator, but become more fre- 
quent as we go north or south of the equator till we get 
to fifteen degrees of latitude, north or south. From this 
region to twenty degrees the frequency is greatest; 
then it falls off, so that beyond thirty degrees a spot i® 
rarely seen. These regions are shown in Figure 
where the shading is dorher the more frequent the spots* 
If we let a white globe represent the sun, and indicate 
by a black dot on it the location of every spot observed 
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dunng a number of years, the dotting ^ould make the 
globe look as represented in the figure 
Groujis of numerous small spots brighter than the 
photosphere in general are usually to be seen on the 
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sun, and most often in the neighborhoods of spots 
Tliese are the facidee 

Son-spots are manifestations of great whirhng 
storms in the sun They bear considerable resemblance 
to our own cyclones and tornadoes, except that they 
are on a ^asler scale The \ery hot gases move upward 
in the solar \ortcx On reaching the photosphere, where 
the pressure is much less than in the regions below, the 
gases spread, flowing out over the surface By this 
expansion they are cooled and become less luminous 
therefore Thus the dark spot This flat top of the 
mushroom-shaped vortex is stiU very hot and bright. 
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It appears dark simply by contrast wtb the surround- 
ing undisturbed surface of the sun. 

Just as terrestrial cyclones, in consequence of tlie 
earth’s rotation, spin in the counter clockwise direction 
in the northern hemisphere and cloclnvise in the south- 
ern, so the leader spots of groups north and south of 
the solar equator whirl in opposite directions. The in- 
fluence of the sun’s rotation is here shown. But the be- 
havior of the solar storms is the more complex. The 
foUoiver spot of the group is likely to turn in the con- 
trary direction to tlie leader, while other spots of tlie 
group may take either direction. A very surprising 
feature is that the directions of the solar vortices are 
icversed after each sun-spot minimum. 

The gases above the dark sun-spot are sucked into 
the region of low pressure at the center of the vortex. 
And as they descend, they whirl also. This effect is 
clearly exhibited in the photographs nith the spectro* 
hebograph, a special instrument which is' accountable 
for much of the present knowledge of solar phenomena. 

Forty years ago, Hale in America and Deslandrcs in 
France independently in\ented the spectroheliograph. 
It is an attachment to the telescope by means of which 
the sun may be photographed in the light of a single 
chemical element,, for example, calcium or hydrogen. 
When the instrument is set for hjdrogen, the photo- 
graph shons only that part of the sun that is hydrogen 
— the flocctilU or masses of tliis gas. Their arrange- 
ment in the ^ici^ity of a sun-spot rcN'cals the %ortex 
oicrlying the spot. Witli this instrument it is possible 
to photograph the solar ^prominences, the flamc-hTc 
projection? from the edge of the sun, without waiting 
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for a total solar eclipse. Many of llic solar phenomena 
v.liicli are depicted by the apcctrolielio^raph can norr 
he viewed directly Arilh the spectrohclioscopc, recently 
m^ented by Hale, and now employed nt a number of 
obscnatorics in various parts of the world. 


THE rnosirjfrNCEs akd cirnoMospjiEiiE 

The next remarkable feature of the sun to be de- 
scribed consists in the prominences. Our knowledge of 
these objects has an interesting history, wliicli will be 
mentioned in describing eclipse of the sun. TIic prom- 
inences arc large masses of liigbly rarefied, glowing gas, 
projecting from e^cry part of the sun. Tljcy are of 
such extent that the earth, if immersed in tlicm, would 
be 03 a groin of sand in the flame of a candle. They 
rise with enormous >clocily, Bomchmes hundreds of 
miles a second. Like the facukc, they ore more numer- 
ous in llic sun-epot zones, but arc not confined to those 
zones. The glare around the sun caused by the reflec- 
tion of b‘ght by the air around us renders them entirely 
inrisible to ordinary vision, ocn wjth the telescope, 
except when, during total eclipses of the sun, the glare 
is cut off by the interwcnlion of the moon Tlicy moy 
then be seen, ocn with the naked eye, as scarlet projec- 
tions, as it from the black disc of the moon 

Tlie prominences ha\c two forms, the eruptive and 
the quiescent. The first rise from the sun like immense 
sheets of flame; the latter seem to be at rest above it, 
like clouds floating in the air. We cannot certainly say 
what supports them Very likely, however, it is a re- 
pulsive force of the sun’s rays. 



82 THE SUN, EAHTII, AND JIOON 

It appears darlv simply by contrast wxtli the surround- 
ing undisturbed surface of the sun 

Just as terrestrial cyclones, in consequence of the 
earth’s rotation, spin in the counter clochnise ducction 
m the northern hemisphere and cloclosasc m the soutli 
ern, so the lender spots of groups north and south of 
the solar equator ivhirl m opposite directions The in 
fluence of the sun’s rotation is here shown But the be- 
liavior of the solar storms is the more comples The 
folloiier spot of the group is likely to turn in the con 
trary direction to the leader, vhilc other spots of the 
group may take either direction A \cry surprising 
feature is that tlic directions of the solar lortices are 
reversed after each sun spot mimrnutn 

The gases above the dark sun spot arc sucked into 
the region of low pressure at the center of tlie vortes 
And as they descend, they whirl also This effect is 
clearly exhibited in the photographs nith the spectro 
heliograph, a special instrument winch is accountable 
for much of the present knowledge of solar phenomena 
Forty years ago, Hale in America and Deslandres in 
France independently invented the spectrohcliograph 
It IS an attachment to tlie telescope by means of whicli 
tlie sun may be photographed in the light of a single 
chemical clement, for example, calcium or hydrogen 
When the instrument is set for hydrogen, the photo 
graph shows only that part of tlie sun that is hydrogen 
— the fiocculi or masses of this gas Their arrange- 
ment in the vicimly of a sun spot reveals the \ortes 
o^erljing the spot With this instrument it is possible 
to photograph the solar ^prominences, the flame like 
proieclion? from the edge of the sun, without waiting 
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for a total solar eclipse. Man}* of the solar phenomena 
which arc depicted hy the spcctrohclio^mph can now 
he •tiewed directly with the spcctroheh'oscope, recently 
indented hy Hale, and now employed at a number of 
observatories in \ariou3 parts of the vvorld. 


THE rnOMrKFNCKS AND CIinOMOSPJIERE 

The next rcmarhnblc feature of tlic sun to be de- 
scribed consists in the prominences. Our Knowledge of 
these objects has an interesting history, which will be 
mentioned in describing eclipses of the sun. Tlic prom- 
inences are large masses of highly rarefied, glowing gas, 
projecting from every part of the sun. They arc of 
such extent that tlie earth, if immerscti in them, would 
be as a grain of sand in the flame of a candle. They 
rise with enormous velocity, sometimes hundreds of 
miles a second. Like the facuhe, they are more numer- 
ous in the sun-spot zones, but arc not confined to those 
zones. The glare around the sun caused by the reflec- 
tion of light by the air around us renders them entirely 
in^^s^blc to ordinary ^isio^, even with the telescope, 
except when, during total eclipses of the sun, the glare 
is cut off by llie intervention of the moon. Tliey may 
then be seen, cv cn with the naked ej e, as scarlet projec- 
tions, as if from the black disc of the moon. 

The prominences have two forms, the eruptive and 
the quiescent. Tlic first nse from the sun like immense 
sheets of flame; the latter seem to be at rest above it, 
like clouds floating m the air. We cannot certainly say 
what supports them. Very likely, however, it is a re- 
pulsive force of the sun’s rajs. 
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It appears dark simply by contrast Tvith the surround 
ing undisturbed surface of the sun. 

Just as terrestrial cyclones, in consequence of Hi 
earth’s rotation, spin in the counter clockwise diiectio; 
in the northern hemisplierc and clockwise in the soutli 
cm, so the leader spots of groups north and south o 
the solar equator whirl in opposite directions. The it 
fluence of the sun’s rotation is here shown. But tlie I 
IiRvior of the solar storms is the more complex. T^. 
follower spot of the group is likely to turn in the c 
trary direction to the leader, whUo other spots of 
group may take cither direction. A icry surpn' 
feature is that the directions of the solar vortices^ 
reversed after each sun-spot minimum. '' 

The gases above the dark sun-spot are suckedS 
the region of low pressure ot the center of tlic m') 
And as they descend, they whirl also. This 
cleorly exhibited in the photographs with the 
heliograph, a special instrument which is' accoi^^ ' 
for much of the present knoii ledge of solar phcc^^^( 
Forty years ago, Hale in America and DcsIr^Sl 
F rance independently invented the spectroheli^’°i»j 
It is an attachment to the telescope by means v 
llic sun may be photograplicd in the light of . 
chemical clement, for example, calcium or fy \ ^ 
When the instrument is set for hydrogen, 
graph shovs only that part of tlie sun that is^'^ ^ 
— the flocciilt, or masses of tliis gas 
ment in the vicinity of a sun-spot reveals 
'uarJynig ‘hie -nr^crunanh -h \ 

to photograph tlie solar ^prominences, 
projcctioa? from the edge of the sun, nitt^fc % n ' 
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for a total solar eclipse. Many of Uie solor phenomena 
v:hich arc tlcjnded by the spcclrolicliograph can now 
be vie^'ed directly witlj the spcctrohelioscopc, recently 
invented by Hale, and now employed at a number of 
obscn'atorica in various parb of the world. 


THE rnojriNEycKs and ciinoMosrjiEnE 

The next remarkable feature of the sun to be de- 
scribed consisb in the prominences. Our knowledge of 
these objeeb has an interesting history, which will be 
mentioned in describing eclipses of tlie sun. The prom- 
inences arc large masses of highly rarefied, glowing gas, 
projecting from every part of the sun. TJicy arc of 
such extent tliat the earth, if immersed in them, would 
be as a grain of sand in the flame of a candle. They 
rise with enormous velocity, sometimes hundreds of 
miles a second. Like the fnculic, they ore more numer- 
ous in the sun-spot zones, but arc not confined to those 
zones. The glare oround the sun caused by the reflec- 
tion of light by the air around us renders them entirely 
inrisible to ordinary vision, even with the telescope, 
except wlien, during total eclipses of tlic sun, the glare 
is cut off by tlic intervention of the moon. They may 
then be seen, even with the naked eye, as scarlet projec- 
tions, as if from the black disc of the moon. 

The proroinenccs have two forms, the eruptive and 
the quiescent. The first rise from the sun like immense 
sheets of flame; the latter seem to be at rest above it, 
like clouds floating in the air. We cannot certainly say 
what supports them. Very likely, however, it is a re- 
pulsive force of the sun^s rays. 



8i' THE SUN, EARTU, AND MOON 

Spectrum analysis shoms that these prominences are 
composed of hydrogen, calcium, and other gases. It is 
to the liydrogen tljat they owe their red color. Con- 
tinued study of the prominences shows them to be con- 
nected with a thin layer of gases which surrounds and 
rests upon the photosphere. This layer is called the 
chromosphere^ from its deep red color, similar to that 
of the prominences. As in the case of the latter, its lurid 
light is tliat of hydrogen; but it contains calcium and 
other elements as well. 

The outermost appendage of the sun to be consid- 
ered is the corona. This is seen only during total 
eclipses as a soft effulgence surrounding the sun, and 
extending from it in long rays, sometiroes exceeding 
the diameter of the sun in length Its exact nature is 
still in doubt. It will be described in the cliapter on 
eclipses. 

THE sun’s CONSTmjTION 

Let us now recapitulate what makes up the sun os we 
see and know it. 

We have first the vast interior of Hie globe which, 
of course, we can never see. 

What We see when we look at the sun is the shim’ng 
surface of this globe, the photosphere. It is not a real 
surface, but more likely a gaseous layer several hundred 
miles deep which we cannot distinguish from a surface. 
This layer is variegated by spots, and in or over it rise 
the faculffi. 

On the top of the photosphere rests the layer of gases 
called the chromosphere, which can be observed at any 
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time with a powerful spectroscope, but can be seen by 
direct vision only during total eclipses. 

From the red chromosphere project the equally red 
flames called the prominences. 

Surrounding the whole is the corono. 

Such is the sun as we sec it. What can we say about 
what it really is? First, is it solid, liquid, or gaseous? 

That the visible surface is not solid is shown by the 
character of the rotation. Different parts of the surface 
rotate in different periods, os we ha\c seen. Moreo\cr, 
the high temperature suggests that it cannot be either 
solid or liquid. For many years it has been believed 
also that the interior of the sun must be a moss of gas, 
compressed to the density of a h'quid by the enormous 
pressure of its superincumbent portions. 

Everyone will agree that tlie sun roust be hot. To 
produce tlie warmth of a midsummer day, at the dis> 
tance of more than ninety miUion miles, the sun must 
be very liot indeed. And tlus is certainly true, as the 
appropriate measurements show. The photosphere, 
which is the immediate source of the sun’s radiation, 
has a temperature of six thousand degrees Centigrade, 
or more than ten thousand degrees Fahrenheit. 

The different ways of determining the sun’s tem- 
perature, all of which give about the same result, de- 
pend on accepted relations between the temperature 
of a radiator and the quanbty or quality of its radi- 
ation. For example, the rate of radiation is propor- 
tional to the fourth power of the temperature. This is 
known as Stefan’s law. It informs us that if the tem- 
perature of a radiator is doubled, the rate at which it 
radiates becomes sixteen tunes as great as before. 
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Si>cctrum nnaUais nhowa that llic^c prominences nre 
composed of h}ilro;»cn, cftlcitim, nnd oilier gases. It is 
to the hydrogen that they owe their rcil color. Con' 
tinucd study of the prominences sliows them to Iw? con* 
ncclctl wlUi a tiun layer of gases wliich surrounds and 
rcsls upon the photosphere. This layer is calletl the 
chromosphrrr, from its deep red color, similar to that 
of the prominences. As in (he case of (he ?n(tcr, its lurid 
light 18 that of hydrogen; but it contains calcium and 
other elements ns well. 

The outermost nppomlnge of the sun to be consid- 
ered is Uie corona. This is seen only during total 
eclipses ns n soft effulgence surrounding the sun, and 
extending from it in long rays, somellmes exceeding 
the diameter of the sun in Icngtli. Its exact nature is 
still in doubt. It will be described in tJic chapter on 
eclipses. 

Tin: suk's cokstitution 

Let us MOW recapitulate wliat makes up the sun as we 
see and know it. 

We haie first the rest interior of the globe which, 
of course, we can nc\cr see. 

Whnt we see when we look, at the sun is the shining 
surface of this globe, llic photosplicre. It is not a real 
surface, but more likely a gaseous layer several Imndrcd 
miles deep which w e cannot distinguish from a surface. 
This layer is variegated by spots, and in or o\cr it rise 
the facuhe. 

On the top of tlie photosphere rests the layer of gases 
called the chromosphere, which can he obscr>ed at any 
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tunc with a powerful spectroscope, but can be seen by 
direct %osion only during total ccbpscs 

From tile red chromosphere project the equally red 
flames called the prominence 

Surrounding the whole is the corona 
Such IS the sun as we see iL What can we say about 
what it really is? First, js it solid, liquid, or gaseous^ 
That the visible surface is not solid is shoi^Ti by the 
character of the rotation Different parts of the surface 
rotate in different periods, as we have seen Moreo\cr, 
the high temperature suggests tliat it cannot be eitlicr 
sohd or liquid For many years it has been beheved 
also that the interior of tlic sun must be a moss of gas, 
compressed to the density of a hquid by the enormous 
pressure of its superincumbent portions 
Everyone will agree that tlie sun must be hot To 
produce the warmth of a midsummer day, at the dis- 
tance of more than ninety million miles, the sun must 
be very hot indeed And tins is certainly true, as the 
appropriate measurements show Tlie photosphere, 
which IS the immediate source of the sun’s radiation, 
has a temperature of six thousand degrees Centigrade, 
or more than ten thousand degrees Fahrenheit 

The different ways of determining the sun’s tern 
perature, all of which give about the same result, de 
pend on accepted relations between the temperature 
of a radiator and the quantity or quahly of its radx 
ation For example, the rate of radiation is propor- 
tional to the fourth power of the temperature This is 
known as Stefan’s law It informs us that if the tem 
perature of a radiator is doubled, the rate at which it 
radiates becomes sixteen tunes as great as before. 
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Lot a fiat-boltomod hasm be filled with cool water 
to the depth of t«o fiftlis of an inch, and exposed to 
the vertical rays of the sun. At the end of a minute, a 
thermometer would register a rise in the temperature 
of the water, which ^^ould amount to three and a half 
degrees Falmenheit, if there ncre no air intervening, 
and no leakage of heat from the water mcanwliile. 

It follows tliat a spherical shell of cool water two 
fiftlis of an inch tliiek, having a radius equal to the 
earth’s distance from the sun and the sun in the center, 
would he warmed by this amount in a minute. Since 
the shell completely encloses tlic sun, we have caught in 
this way the sun’s total radiation in a minute, and have 
measured its effect. 

By such measurements it is found tlml energy to the 
amount of 70,000 horsepower is streaming continually 
from every square yard of the sun’s surface. And from 
results such as tl\is the temperature of the sun can be 
calculated by means of the radiation laws. In practice, 
a very delicate instrument, the pyrhcllometer, is em- 
ployed instead of Uie basin of water and tlie Ihermora- 
etcr. Observations with this instrument have been 
made for many years at the various stations of the 
Smithsonian Astrophysical Observatory. 

Since we cannot look below the photosphere into the 
sun’s interior, it is not the easiest matter to form a 
clear idea of the conditions tliere. We may well sup- 
pose that the pressure and temperature both increase 
witli increasing depth. As early as 1870, the American 
physicist Lane calculated internal temperatures of the 
sun on the assumption that there is n state of equilib- 
rium everywhere within. At every point the weight 
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of tlic o\erlying layers is perfectly supported by tbc 
cxpansi%e force of the healed gases The problem then 
consists in calculating how !iot the interior must be in 
order to preient the collapse of the sun under its own 
n eight. 

In recent years the theoretical studies of the in- 
teriors of the sun and the other stars haie been pur- 
sued with especial vigor by Eddington, Jeans, and 
hlilne in England Eddington finds at the sun’s center 
a density fifty times that of water, and a temperature 
of thirty or forty miUion degrees Centigrade Milne 
gives enormously greater figures for the central density 
and temperature The problem is not yet completely 
soUed 

THE SOURCE OP THE SUN’s HEAT 

Prom eiery square yard in its surface the sun pours 
forth energy equivalent to 70,000 horsepower Know- 
ing that the sun’s diameter is 864,000 miles we can 
easily calculate the number of square yards m its sur- 
face On multiplying this number by 70,000 we have 
the enormous number which expresses in horsepower 
the total amount of energy continually issuing from 
the sun When we recall that the sun has been shimng 
with sometlung like its present intensity for thousands 
of millions of years, as geologists and biologists assure 
us that it has, we find ourselves confronted by an im 
portent and difficult question 

What IS the source of all this radiant energy? It 
comes, of course, immediately from the photosphere 
But new supphes of energy must be passed up con 
tvnually to the photosphere to make possible the con 
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tinual radiation. Wlmt, tlicn^ is the source of the np' 
parcntly inexhaustible supply in tlie interior, that 
keeps the sun sliining day after day for millions upon 
minions of years? 

Now the law of the conservation of energy asserts 
that energy cannot emerge from nothing. It can be 
transformed from one type to another, but the total 
amount of energy in tlic universe cannot increase. Un- 
less the sun conbnually receives energy from without, 
its supply must be diminisliing nt tlic enormous rate 
that we have noticed. It might well be supposed that 
the supply will some day be entirely dissipated, that 
the sun will grow dim and finally cease to shine. But 
the sun shines on, century after century, with appar- 
ently undiminished splendor. How can tliis be? 

It must not be imagined that the sun is simply cool- 
ing from nn originally still hotter state. Nor can the 
sunshine be properly ascribed to combustion williin the 
sun. Such processes would be concluded much too soon 
In addition, the sun is certainly too liot to bum. The 
idea that the continual falbng of great numbers of 
meteors into the sun may increase its supply of energ} 
enough to offset the loss by radiation is not consistent 
with the facts. The numbers of meteors drami into the 
sun are insufScient to keep up the supply of energy* 
Moreover, such delivery of energy at the sun’s surface 
could have little effect on the interior; it is there that 
the high temperature must be maintained in order to 
prevent the collapse of the sun. 

Three quarters of a century ago, the physicist Helm- 
1i(Atz set forth Ihe contraction theory of ttie sun's heat, 
which for many years afterward enjoyed the confidence 
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of sdcnlists. He shoncd that a shrinkage of 140 feet 
j early in the sun’s radius would produce as mucli heat 
as the sun loses annually in consequence of its radi- 
ation. According to this theory, the sun was formerly 
larger and more tenuous. Tins Wen is consistent nilli 
the nebular hypothesis of Laplace, generally appro\cd 
in Helmholtz’s lime, which supposed tliat the sun and 
its system developed bj the shrinking of an originally 
rarefied mass of gas. In the future, according to the 
contraction theory, the sun will become so compact 
that it cannot continue to shrink fast enough to offset 
the lo'iS of heat h3* radiation. In a few million years it 
would be too cool to promote life on the earth. 

The contraction theory pictured a gloomy prospect, 
the end of the rsorld of Ihing beings mthm a brief in- 
tenal — brief astronomically, at least. But in recent 
>cars, the contraction theory has met iritli disapproval, 
along witli the hypothesis of Laplace. In shrinking 
to its present size from dimensions as largo as we please, 
the sun has gamed enough heat to keep it shining at 
the present rate for scarcely more than twenty' mil- 
lion years. It has ccrlninU been shining at this rate 
for a >astly longer lime. Thus the contraction theory 
fails to account for the maintenance of the sun’s radi- 
ation in the past- We lm\c no greater confidence in 
its prediction for the future. There is, in fact, no cer- 
tain evidence that the snn w contracting progressively 
at all. 

With the discoierj' of radioactiiity, astronomers in- 
quired as to whether the sun’s long-continued radiation 
might not be kept up by the disintegration of radium 
and similar elements in its interior. Appropriate cal- 
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tinual radiation. What, then, is the source of the ap- 
parently inexhaustible supply in the interior, that 
keeps the sun shining day after day for millions upon 
millions of years? 

Not 7 the lair of the conservation of energy asserts 
that energy cannot emerge from nothing. It can be 
transformed from one type to another, but the total 
amount of energy in the universe cannot increase. Un- 
less the sun continually receives energy from without, 
its supply must be diminishing at the enormous rate 
that we have noticed. It might well be supposed that 
the supply will some day be entirely dissipated, that 
the sun will grow dim and finally cease to shine. But 
the sun shines on, century after century, with appar- 
ently undiminished splendor. How can this be? 

It must not be imagined that the sun is simply cool- 
ing from an originally still hotter state. Nor can the 
sunshine be properly ascribed to combustion within the 
sun. Such processes would be concluded much loo soon. 
In addition, the sun is certainly too hot to bum. The 
idea that the continual falling of great numbers of 
meteors into the sun may increase its supply of energS 
enough to offset the loss by radiation is not consistent 
with the facts. The numbers of meteors drawn into the 
sun are insufficient to keep up tlie supply of energy* 
Moreover, such delivery of energy at the sun’s surface 
could have little effect on the interior; it is there that 
the high temperature must be maintained in order to 
prevent the collapse of the sun. 

Three quarters of n century ago, the physicist Helm- 
holtz set forth llic contraction theory of the sun’s heat, 
wluch for many years afterward enjoyed the confidence 
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of scientists. He showed Uial a shrinkage of 140 feet 
yearly in the sun’s radius would produce as much heat 
as the sun loses annually* in consequence of its radi- 
ation. According to this flicory, the sun was formerly 
larger and more tenuous. This \fcw is consistent with 
the nebular hypotliesis of Laplace, generally approved 
in Helmholtz’s time, which supposed tliat tlie sun and 
its system developed the shrinking of an originally 
rarefied mass of gas. In the future, according to the 
contraction theory, the sun will become so compact 
that it cannot continue to shrink fast enough to offset 
the loss of heat by radiation. In a few million years it 
would be too cool to promote life on the earth. 

Tl^c contraction tlioory pictured a gloomy prospect, 
the end of the world of living beings within a brief in- 
terval — ^briof astronomically, at least. But in recent 
years, the contraction theory has met with disapproval, 
along with the hypothesis of Laplace- In slirinking 
to its present size from dimensions as large as we please, 
the sun has gained enough heat to keep it shining at 
the present rate for scarcely more than tnenty mil- 
lion years. It has certainly been sinning at this rate 
for a vastly longer time. Thus tlxe contraction theory 
fails to account for the maintenance of the sun’s radi-*- 
ation in the past. We ha've no greater confidence in 
its prediction for the future. There is, in fact, no cer- 
tain evidence that the sun is contracting progressively 
at nil. 

With the discovery of radioactivity, astronomers in- 
quired as to whether the sun’s long-continued radiation 
might not be kept up by the disintegration of radium 
and similar elements in its interior- Appropriate cal- 
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culations £Oon gave the negative answer. A way is left 
open, however, if we wish to imagine that the sun con- 
tains radioactive elements more complex than the 
lieaviest element, uranium, found in the earth. It 
should be added that we have no knowledge of such 
super-radioactive elements. • 

The quest of the correct solution of the problem con- 
tinues. It is to-day one of the fundamental problems 
of physical science. Evidently it concerns not the sun 
alone, but all the stars as well. It is now suggested tliat 
the source of the sun’s radiation is within tlie atoms— 7 
that much of the sun’s mass is convertible, and is in 
fact continually being converted into energy to keep 
the sun shining. If this is really the source we are seek- 
ing, then the sun must be losing moss at a prodigious 
rate; during every four minutes the mass of the sun 
most be reduced a thousand milhon tons. 



in 

THE EARTH 


The globe on whieli wc li\c, being one of the planets, 
would be entitled to a place among the heavenly bodies 
even if it had no other claims on our attention. Insig- 
nificant though it is in si2e when compared with the 
great bodies of the universe, or e\en with the four giant 
planets of our system, it is the largest of the group to 
which it belongs. Ot the rank which it might claim as 
the abode of man we need not speak. 

What is the eartli^ Wc may describe it in the most . 
compreh€nsv\e way as a globe of matter nearly eight 
thousand miles in diameter, bound together by the mu- 
tual gravitation of its parts. We all know that it is not 
exactly spherical, but bulges out very shghtly at the 
equator. The problem of delemuning its exact shape 
and size is made more difficult by the surface irregu- 
larities. Then loo, tlierc is no very precise way of meas- 
uring distances across the great oceans or of extending 
the measurements into the polar regions. The size and 
sha^ must be determined principally from the meas- 
ures across or along the continents Owing to the im- 
portance of such work, till* leading nations haie from 
time to time entered into it. The United Slates Coast 
and Geodetic Survey has completed the measurement of 
a luie of triangles extending from the Atlantic to the * 
Pacific oceans. North and south measurements both on 
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culataons ^oon ga^ e tlie Ilegatl^ e answer A way is left 
open, however, if we wish to imagine that the sun con 
tains radioactive elements more complex than the 
lieaviest element, uranium, found in the earth It 
should be added that we have no knowledge of such 
super radioactive elements 

The quest of the correct solution of the problem con 
tmues It IS to daj one of the fundamental problems 
of physical science Evadently it concerns not tlie sun 
alone, but all the stars as well It is now suggested that 
the source of the sun’s radiation is within the atoms — 
that much of the sun’s mass is convertible, and is m 
fact continually being converted into energy to keep 
the sun shining If this is really the source we are seek- 
ing, then the sun must be losing mass at n prodigious 
rate, during every four minutes the mass of the sun 
most be reduced a thousand imlbon tons 
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The globe on which we live, being one of the planets, 
would be entitled to a place among the heavenly bodies 
even if it had no other claims on our attention. Insig- 
nificant though it is in size when compared with the 
great bodies of the universe, or even ^vit!v the four giant 
planets of our system, it Is the largest of the group to 
which it belongs. Of the rank whicli it might claim os 
the abode of man we need not speak. 

What is tlic earth? lYc may describe it in the most 
comprehensive way as a globe of matter nearly eight 
thousand miles in diameter, bound together by the mu- 
tual gravitation of its parts. Wc all know that it is not 
exactly spherical, but bulges out very slightly at the 
equator. The problem of determining its exact shape 
and size is made more difficult by the surface irregu- 
larities. Tlien too, there is no very precise way of meas- 
uring distances across tlie great oceans or of extending 
the measurements into the polar regions. The size and 
shahe must be determined principally from the meas- 
ures across or along the continents. Owing to the im- 
portance of such work, the leading nations have from 
time to time entered into it. The United States Coast 
and Geodetic Survey has completed the measurement of 
a line of triangles extending from the Atlantic to the 
Pacific oceans. North and south measurements both on 
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the Atlantic and racific coasts lia\c been csecutcd 
The English ha\c made mensuros of the same sort in 
Africa, and the Russians and Germans on their re 
spcctnc tcrriloncs 

Tlic latcit conclusions concerning tlie form and size 
of the earth maj be summed up thus We remark in the 
first place that bj the figure of the earth gcodelists do 
not mean the figure of the continents, but of the ocean 
lei el ns it would be if canals admitting the water o 
the oceans \\crc dug through the continents The cart i 
thus defined is approsimatclj an ellipsoid, of iihich tic 
smaller diameter is that through the poles, and win 
has about the following dimensions 

Polar diameter, 7,900 0 miles. 

Equatorial “ 7,926 7 miles 

It will be seen that the equatorial diameter is 26 7 
miles greater than the polar 

THE EiMlTn’s INTEHIOn 

What we know of tlie earth bj direct observation JS 
confined almost entirely to its surface The greatest 
depth to which man has ever been able to penetrate com 
pares with the size of tlie globe onlj as tlie skin of 
apple does to the body of the fruit itself 

I shall first imite the reader’s attention to some facts 
about weight, pressure, and gravity m the earth 
us consider a cubic fool of sod. forming part of the outer 
surface of the earth This upper cubic foot presses upon 
its bottom with its own weight, perhaps one hundred 
and hVty pounds T’ne cifmc loot ’below it weighs an^ 
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equal amount, and therefore presses on its bottom with 
a force equal to its own weight with the weigijt of the 
other foot added to it. This continual increase of pres- 
sure goes on as we descend. Erery square foot in tlie 
earth’s interior sustains a pressure equal to the weight 
of a column of the cartlj a foot square extending to tlie 
surface. Not many yards below the surface this pres- 
sure will be measured in tons; at the dcptli of a mile 
it may be tliirty or forty tons; at the dcptli of one iiun- 
dred miles, thousands of tons ; continually' increasing to 
the center. Under this enormous pressure the matter 
composing the inner portion of the earth is Iiighly com- 
pressed, It is heaner material also. The mean density 
of the earlli is knon-n to be fii'c and one half times that 
“ of wotcr, while the superficial density is only two or 
llmsc times tliat of water. 

One of the well-established facts about the earth is 
that the temperature continually increases os we pene- 
trate below tlie surface in deep mines. TIic rale of in- 
crease is different in different latitudes and regions. The 
average increase is one degree Fahrenheit for a descent 
of fifty or sixty feet. 

How far toward the earth’s center does this increase 
of temperature extend? In answer to this question we 
can say that the effect cannot be merely superficial, 
because, in that case, the exterior portions would have 
cooled off long ago, so that we should have no consid- 
erable increase of heat as we descend. The fact that the 
heat has been kept up during ri\e whole of the earth’s 
existence shows tliat it must still be very intense toward 
the center, and tha* Mie rate of increase near the sur- 
face must go 3n for many inUes into tlie interior. 
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‘At this rate of increase the material of the earth 
would be red hot at a depth of ten or fifteen miles, 
while at one or two hundred miles the heat would be 
sufficient to melt all the substances which form the 
earth’s crust. This fact suggested to geologists of 
earlier times the idea that our globe is really a molten 
mass, like a mass of melted iron, covered by a cool crust 
a few miles thick, on which we dwell. The existence of 
volcanoes and the occurrence of eartliquakes seemed to 
'give additional weight to lliis view. 

But in recent years the astronomer and physicist 
ha\e collected evidence, which is as conclusive as such 
evidence can be, that the earth is solid from center to 
surface, and even more rigid than a similar mass of 
steel. The subject was first developed most fully by 
Lord Kelvin, who showed that, if the earth were a fluid, 
surrounded by a crust, tlie action of the moon would 
not cause tides in the ocean, but would merely tend to 
stretch out the entire earth in the direction of the moon, 
leaving tlie relative positions of the crust and the water 
unchanged. 

Equally conclusive is the curious phenomenon which 
we shall describe presently of the variation of latitudes 
on the earth’s surface. Not only a globe of which the 
interior is soft, but even a globe no more rigid than 
steel could not rotate as the earth does. 

How, then, are we to reconcile the enormous tempera- 
ture and the solidity? There seems to be only one solu- 
tion possible. The matter of the interior of the eartli 
is kept solid by the enormous pressure. It is found ex- 
perimentally that when samples of rocks are raised to 
the melting point, and then subjected to 1100^7 pres- 
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sure, the e/Tect of Uie pressure js to make tliem solid 
again Thus, as increase the temperature ive ha\c 
onl> to increase the pressure also to keep the matonal 
of tlie earth solid And thus it is that, as descend 
into the enrtli, the increase of pressure more than keeps 
pace ivith the rise of temperature and thus keeps the 
whole mass solid 


CRAvrrr avd density oe the EAitrn 

AnoUier inlcrcslmg question connected with the earth 
is Dial of its density, or specific gravity Wc all know 
that a lump of lead is licavier than a lump of iron of 
equal \olume, vihilc the latter is hcas’icr than a piece of 
wood of the same size Is there any way of dclcrmining 
what a cubic foot of earth would weigh if taken out 
from a great depth of lU vast intcnor? If there is, then 
we can determine nhat the actual weight of the nhole 
earth is The solubon depends the gravitation of 
matter 

E\ei7 child is famihar with the effect of gravitation 
from the time it begins to walk, but the profoundest 
philosopher knows nothing of its cause According to 
Ncivton’a theory of gravitation, the force by wluch all 
bodies on the surface of the earth are urged toward its 
center does not reside merely in the center of the earth, 
but IS exerted by cicry particle of matter composing 
our globe Newton extended his theory yet fartlier b} 
the statement that every particle of matter in tlic uni 
icrse attracts e\ery other particle with, a force that 
diminishes as the square of the distance increases This 
means that at twice the distance the attracbon will be 
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divided by four; at tlircc times, by nine; at four times, 

’’"GllTngtisTirkows that all objects around us 
have their own gravitating power, and the T”'® ' , 
aries: Can we fhow tins power by 
„.easure its amount? at 

that globes of equal density attract small b j.es _ 
their surfaces with a force proportioned to their 
meter. A globe two feel in diameter, of the same den 
sity as the earth, should attract with a force one twenty 

miUionth of the earth’s gravity. ^ „ffrnction 

Physicists have succeeded in measuring t 
of globes of lead and other materials havung a dmm 
of a foot, more or less. This measurement « 
and difficult, and its accuracy would have sc d 
credible a feiv years ago. The apparatus is, m 
principle, of the simplest bind. A very t 

rod is suspended at its center by a This 

and most flexible material that can be , jo 

rod is balanced by having a small ball attached 
each end. What is measured is the attraction 
globes of lead upon these two balls. The 
placed in such a position as to unite their a 
in giving the rod a slight twisting motion in « 
zontal plane. To appreciate the difficulties of th 
„e must call to mind that the attraction may 
amount to the ten-millionth part of the sve'Sh , 
little balls. It would be difficult to find npy ° 
light that its weight would not exceed this 
only the weight of a inosquitt, but even of its , jf a 
exceeds the quantity which has been measure 
mosquito were placed under a microscope 
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operator could cut off from one antenna a piece small 
enough to express the force mcasurctl. 

Hcyl’s determination of the constant of grantalion, 
at the United Slates Bureau of Standards, is the most 
recent. Tlic outcome of such measurements is that the 
mean density of the earth is slightly more than five and 
a half times that of water. This is a little less tlmn tlic 
density of iron, but much more limn that of any or- 
dinary stone. As the mean density of the materials 
which compose the earth’s crust is scarcely more than 
one half of this amount, it follows that near the center 
the matter composing the earth must be compressed to 
n density not only far exceeding that of iron, but prob- 
ably that of load. 

VAATATIOK OP lATlTUDE 

We know that the earth rotates on an axis passing 
through the center and intersecting the earth’s surface 
at either pole. If we imagine ourselves standing exactly 
on a pole of the earth, with a flagstaff fastened in the 
ground, we should be carried round the flagstaff by the 
earth’s rotation once in twenty-four hours. We should 
become aware of the motion by seeing the sun and stars 
apparently moving in the opposite direction in horizon- 
tal circles by virtue of the diurnal motion. Now, the 
great discovery of the variation of latitude is this ; The 
point in which the axis of rotation intersects the sur- 
face is not fixed, but moves around in a somewhat vari- 
able and irregular curve, contained m'thin a circle 
nearly sixty feel in diameter. That is to say, if standing 
at the north pole we should observe its position day by 



03 


Tnn SUN, KARTir, and jrooN 

rrc sljould find it mo\in^ one, t>\o, or three inches 
c\cry day, describing in tl»e course of lime n curve 
around one central point, from wlilch it vrould some- 
times be fartiicr away and Bometimes nearer. It would 
make a complete revolution in tliis irregular way in 
about fourteen months. 

How is this known? The answer is that by astro- 
nomical observations we can, on any night, determine 
the exact angle between the jilumb line at tlie place 
wlicro we stand and the axis on which tlic earth is rota- 
ting on that particular day. Four or five stations for 
making these observations were cstablislicd around tlie 
earth in 1900 by the International Geodetic Associa- 
tion. One of these stations is near Gaithersburg, , 
another is on the Pacific coast, a third is in Japan, and 
a fourth jn Italy. Before tlicsc were established, 
observations liaving tlie same object were made in vari- 
ous parts of Europe and America. 

The Variation which we have desenbed was originally 
demonstrated by Kuslncr in Germany, in 1888, by 
means of a great mass of astronomical obscrvatiortf 
not made for this special purpose. Since then investi- 
gation has been going on wnlh the view of determining 
the exact curve described. Wlml has been shown thus 
far is that the variation is much w idor some j cars than 
others. It appears that in the course of seven years 
there will he one in which the pole describes the greater 
part of a comparatively nide circle, while three or four 
years later it will for several months scarcely move from 
its central position. 

If the earth were composed of a fluid, or even of a 
substance which would bend no more than the hardes 
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slccl, such a niollon of the axis as this Tvould be impos- 
sible. Our globe must therefore, in the general average, 
be more rigid tlian steel. 

Tire ATMOSrilEnE 

Tlic atmosphere is astronomically, as well as physi- 
cally, a most important appendage of the earth. Neces- 
sary though it is to our life, it constitutes one of the 
greatest obstructions with which the astronomer has to 
deal. It absorbs more or less of all the light that passes 
tlirough it, and thus sliglitly changes the color of tlie 
hcaTcnly objects as we see lliem and renders them some- 
what dimmer, even in the clearest sky. It also refracts 
the light passing through it, causing it to describe a 
slightly cun'cd line, concave toward the earth, instead 
of passing straight to the astronomerts eye. The result 
is that the stars appear slightly higher above the 
horizon tl:an they actually arc. The light coming di- 
rectly down from a star in llie zenith suffers no refrac- 
tion. The latter increases as the star is farther from the 
zenith, but even forty-five degrees away it is only one 
minute of arc, less than the smallest amount that the 
unaided eye can plainly perceive; yet tliis is a very 
important quantity to the astronomer. Tlie nearer the 
object is to the horizon, the greater the rate at which 
the refraction increases; twenty-eight degrees above 
the horizon it is about twice as great as at forty-five 
degrees ; at the horizon the apparent elevation of the 
celestial body by refraction is more than one half a 
degree, that is more than the whole diameter of the sun 
or moon. The result is that when we see the sun just 
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about to touch the horiron «t sunset or sunrise Its whole 
disk is in reality below the lioriron. We see it only in 
consequence of the refraction of its hglih AnotJjcr re- 
sult of the rapid increase near the Ijorizon is that, in 
this position, the sun looks decidedly flattened to the 
eje, its >ertical diameter being shorter than the hori- 
zontal one, Anj one may notice this w lio has an oppor- 
tunity to look nt llio sun ns it is setting in the ocean. 
It arises from the fact that the lower edge of tlic sun 
13 refracted more tlian the upper edge. 

When tlic sun sets in the ocean in tlic clear air of the 
tropics n beautiful effect may be noticed, which can 
rarely or ncicr be seen in the tliickcr air of our lati- 
tudes, It arises from the unequal refraction of tlic rays 
of light by the atmosphere. Like a prism of glass the 
atmosphere refracts the red rays the least and the suc- 
ccsshe spectral colors, yellow, green, blue, ond Nnolct, 
more and more. The blue and \iolct light from the set- 
ting sun is largely scattered by the atmosphere before 
reaching us. The result is that, ns the edge of the sun 
IS disappearing in the ocean, these successive raja ore 
lost sight of in the same order. Two or three seconds 
before the sun has disappeared, tlie little spark of its 
limb 'nluch still remains %isiblc is seen to change color 
and rapidly grow paler. The last glimpse which we see 
is that of a disappearing flash of green light. 


IV 

THE MOON 


VAniOTTs measurements agree in placing the moon at an 
average distance of a little less than 240,000 miles 
This distance is obtained by direct measure of the 
parallax, as will be explained hereafter, and also by 
calculating how far off the moon must be in order that, 
being projected into space, it may describe an orbit 
around the earth in the time that it actually does per- 
form its revolution. The orbit is elliptic, so that the 
actual distance varies. Sometimes it is ten or fifteen 
thousand miles less, at other times as much more, than 
the average. 

The diameter of the moon’s globe is a hllle more than 
one fourth that of the earth; more exactly, it is 2,160 
miles. The most careful measures show no deviation 
from the globular form except that the surface is very 
irregular. 


REVOLUTION AND PIIASES OF THE MOON 

The moon accompames the earth in its revolution 
round the sun To some the combination of the two 
motions seems a little complex; but it need not offer any 
real difficulty. Imagine a cdiair standing in the center 
of a railway car in rapid motion, wlule a person is walh- 
mg around it at & distance of three feei. He can go 
101 
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round and round ^Mthout\arjin^; Ins distance from tht 
chair and without any difilculty arising from the motion 
of the car. Tima the earth mo\c3 fonrard in jta orbit, 
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and the moon continually revolves around it without 
greatly varying its distance from us 

The actual lime of tlic moon’s revolution around the 
earth is twenty seven days eight hours , but the tune 
from one new moon to another is twenty nine days thir- 
teen hours The difference arises from the earth’s mo 
lion around the sun, or, which amounts to the satae 



RmoLxrnox puasts los 

thing, the apparent motion of the sun along the ecliptic 
To ahoi% llus, let AC he a small arc of the eartli’s orbit 
around the sun Suppose that at a certain time the eartli 
13 at the point E, and the moon at the point M, between 
the cartli and the sun At the end of twenty seven dajs 
eiglit hours tlic earth mil liavc moved from E to T 
Wilde the earth is making llus motion the moon will 
have moved around the orbit in the direction of tJie 
arrows, so as to linvo reached the point N At tlic mo- 
ment when Uie lines EM and FN are parallel to each 
other, tlie moon mil have completed its actuol revolu- 
tion and mil seem to be in the same place among tlic 
stars as before Dut tlic sun is now in the direction PS 
Tlic moon therefore has to continue its motion before 
it catches up to the sun Tlus requires a little more than 
two dajs, and makes the whole time between two new 
moons twenty nine and a half dnjs 

The varj mg phases of the moon depend upon its 
position mlh respect to tlic sun Since it is an opaque 
globe, without light of its own, we bcc it only os the 
light of the sun illummalcs it When it is between us 
and the sun its dark hemisphere is turned toward us, 
and it is entirely invnsiblc The time of tins position in 
the almanacs is called “new moon,” but wc cannot com- 
monly SCO the moon for nearly two dajs after this time, 
because it is lost in the bright twilight of evening On 
the second and third day, however, we see a small por 
tion of the illuminated globe, having the familiar form 
of a thin crescent This crescent is sometimes called the 
new moon, although the time given m the almanac is 
several days earlier 

In this position, and for several days longer, we may 
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sec the entire face of Uie moon, the dark parts shining 
with a faint gray light, whicli is reflected from the 
earth to the moon. An inhabitant of the moon, if there 
were such, would then see the earth in lus sky hkc a 
nearly full moon, olthough this would be larger than 
the moon appears to tis. As the moon adsances in its 
orbit day after day, this carthhght diminishes, and 
about the time of first quarter disappears from our 
sight, owing to the brightness of the illuminated por- 
tion of the moon, and to the reduced light of the earth, 
then at the quarter phase also 

Scicn or eight days after the almanac time of new 
moon, the moon reaches its first quarter. We then see 
lialf of t!ic fliuminated disk. During tlie week {oWovitig, 
tlic moon has tlic form called gibbous At the end of the 
second week, the moon is opposite the sun, and we see its 
entire hemisphere like a round disk. This we call full 
moon During the remainder of its course the phases 
recur in rc\crso order, os we all know. 

We miglit regard all these recurrences as too well 
knoini to need description, yet, in “The Ancient 
Manner,” a star is desenhed ns seen between the two 
horns of the moon ns though there were no dark body 
there to intercept our new of the star. Probably more 
than one poet has desenbed the new moon as seen in the 
eastern sky, or the e\cmng full moon as seen in the 
west. 


THE SvnTACB OF THE MOON 

We can see w’lth tlic naked eye tlint the moon’s sur- 
face 13 \anegated by bright and dark regions. Tlie lat- 
ter are sometimes conceived to have a vague rescmblaoca 
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THE SURFACE OF THE MOOX 

lo tlie human face, Uic nose and eyes being especially 
prominent, lienee the “roan in the moon.” Through 
even the smallest telescopes we see that llic surface has 
an immense variety of detail; and the more powerful 
the telescope the more details we see. The first thing to 
strike us on a telescopic examination will be the ele- 
vations, or mountains, as they are commonly called. 
These arc best seen about the lime of the quarter phase, 
when the long shadows near the sunrise or sunset line 
displays the irregularities in sharp relief. At full moon 
they cannot be so well made out, because the sun is 
shining more nearly straight down, and everything is 
illuminated. AlUiough tlicsc cIc%’ations and depressions 
arc called mountains tlicy arc different in form, for the 
most part, from the ordinary mountains of the earth. 
There is a closer resemblance between them and the 
craters of oxir great volcanoes. A very common form is 
that of a circular fort, often many miles in diameter, 
with walls wliicli moy be thousands of feet high, and a 
fairly level floor williin. In many of tlie lunar craters 
one or more peaks rise abruptly from the center of the 
floor. At first quarter we can sec the shadow of the 
walls and central peaks cast upon the interior flat sur- 
face. Tlie higher power the more details we shall see. 
Just what these consist of it is impossible to say; they 
may be solid rock or they may be piles of loose stone. 
As we can see no object on the moon, even with the most 
powerful telescope, unless it is more than a hundred 
feet in diameter, we cannot say what the exact nature 
of the surface is in its minutest portions. 

The early observers with the telescope supposed that 
the dark portions were seas and the brighter portions 
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continents Tins notion was founded on the fact that 
the darker portions looked smootlicr than the others 
Names were therefore given to these supposed oceans, 
such as Mare Zmbrmm, the Sea of Storms, 3far^ 
Sercnitaixst the Sea of Calms, etc These names, fanci 
ful tliough they he, are atill retained to designate the 
large dark regions on the moon A very slight improve 
ment m the telescope, however, showed that the idea of 
these dark regions being oceans was illusory The thf 
fcrcncc of aspect arises from the lighter or darker 
shade of the materials wrhicli compose the lunar Bur 
face 

One of tlie most remarkable features is the long 
bright lines which radiate from certain points on the 
moon A very low telescopic power will show the most 
conspicuous of these In the vicimly of the south pole 
of the moon, a point near the crater Tycho is the cen 
ter of a fine system of bright rays The appearance is 
as if the moon had been cracked and the cracks filled 
up with melted while matter Whether we accept this 
now or not, it is impossible to examine the surface of 
the moon without the conviction that in some former 
age it was the seat of great volcanic activity, which has 
now ceased entirely 

A question often asked about the moon is whether 
there is any air or water on its surface To this the 
answer of science is m the negative Of course this does 
not mean that there can absolutely not be a drop of 
moisture nor the smallest trace of an atmosphere on 
our satelbte , all we can say is that if any atmosphere 
surrounds the moon it is so rare that we liave never 
been able to get any evidence of its existence If fhe 
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moon Imd nlmospherc of c^'cn one hundredth of tlic 
density of the earth’s, its existence would he made 
kno^ni to us by refraction of the light from a star seen 
alongside the moon. But not the slightest trace of any 
such refraction can be discovered. If there is any water, 
it must be concealed in crevices, or diffused through the 
interior. Were there any large sheets of water in the 
equatorial regions they would reflect the light of the 
sun day by day, and would thus become clearly visible. 
The water would also evaporate during the long and 
hot lunar day, and would form an appreciable atmos- 
phere if it were present in large quantities. 

All this seems to settle another question; namely, 
that of tlic Imbitability of the moon. Life, in the form in 
which it exists on our earth, requires air and water for 
its support. 

T))e total absence of air and water results in a state 
of things on the moon such as we never experience on 
the earth. So far as can be ascertained, not tlie shghtest 
change ever takes place on its surface. A stone lying on 
the surface of the earth is continually attached by the 
weather, and in the course of years is gradually disin- 
tegrated or washed away by the wind and water. But 
there is no weather on the moon, and a stone lying on 
its surface might rest there for unknown ages undis- 
turbed by any cause wliatever. The lunar surface is 
heated up intensely' when the sun shines on it, and it 
becomes exceedingly cold when the sun has set. Except 
for these changes of temperature and the fall of me- 
teors, there is absolutely nothing going on over the 
whole surface of the moon, so far as we can see. A 
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world which has no weather and on wliich nothing ever 
happens — such is the moon. 


nOTATlON OF THE MOON 

The rotation of the moon on its axis is the subject 
of so many questions that we shall explain it. very 
knows that the moon always presents the 
us. This shows that it rotates on its n^s in the sam 
period that it revolves around the ”'f. 

supposed that it does not rotate at aU. The con 
arises from the different ideas of motion. In 
say that a body does not rotate, if a straight hu p 
tteough it, in any way except along the ^ 
maintains the same direction. Now let us f PP”^'" 
a line passed through the moon; then, if i© S' 
not rotate on its axis the rod would maintain it 
direction while the moon, revolving around the ear > 
would appear at different points in its orbit, 
it in Figure 17. A httle study of this figure will sl« ^ 
that as the moon re%olves we should see every par 
its surface in succession, unless it rotates on its axis- 


HOW THE MOON PRODUCES TIDES 

Those who live near the seashore f P'?’“S 

famiUar with the rise and fall of the ocean which m 
general average occurs about three quarters^ o an 
later every day, and which keeps pace with ^ ® 
parent diurnal motion of the moon. .That is to ^ 
it is high tide to-day when the moon is in a certain p 
sition in the heavens, it will be high tide when the mo ^ 
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is in or near that position day after day, month after 
month, and year after year. 'We know’ that the moon 
produces these tides by its attraction on the ocean. We 
rcadjl}' understand that when the moon is abo\e any 
region, its attraction raises the waters in that region ; 
but the circumstance not so generally understood is 
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It Dtd not Rotate on tit Aen 

that there are two tides a day, high tide occurring not 
only under the moon, but on the side of the earth 
opposite the moon. Tlic explanation is tliat the moon 
really attracts the earth itself as well as the water. If 
it attracted every part of the earth equally, the ocean 
included, there would then be no tides, and everything 
would go on the earth’s surface as if there were no at- 
traction at all But as the attraction is as the inverse 
square of the distance, the moon attracts the regions of 
the earth and oceans which are nearest to it more than 
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tlie n%cr(igc, nntl those llml arc farthest from jt less 

than the average 

To show the effect of these changes let A, C, and H 
be three points on the earth attracted by the moon 
Since tlie moon attracts C more t)inn A, it pulls C nwav 
from A and thus increases the distance between A and 
C At the same time pulling II more than C it increases 
the distance between II and C If the whole earth were 
fluid, tlie attraction of the moon vrould be simplj to 
draw this fluid out into the form of an ellipsoid, of 
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which the long diameter would be turned toward the 
moon But since the earth is solid, it cannot be drawn 
out into this shape But the ocean, being fluid, is thus 
drawn out The result is that we have high tides at tlie 
two ends of the ellipsoid into which the ocean is drawoi, 
and low tides in the mid region 

The complete explanation of the subject requires a 
statement of the laws of motion which cannot be made 
here I will, however, remark that if tlie attraction of 
the moon on tlie earth were alwaj s in the same three 
tion, the two bodies would be drawn together m a few 
days But owing to the revolution of the moon round 
the earth the direction of the pull is always changing* 
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6Q that in tlie course of a month tijc earth is drasvn 
only about lliree thousand miles from its mean posi- 
tion. 

It might be supposed that if Uic moon produces the 
tides in this way wc should always lia^e high tide wlien 
the moon is on the meridian and low tide when the moon 
is on the horizon. But such is not the case, for two rea- 
sons. In the first place, it takes time for the moon to 
draw the waters out into the form of an ellipsoid, and 
when it once gives lliem the motion necessary to keep 
this form, that motion keeps up after the moon has 
passed the meridian, just as a stone continues to rise 
after it has left the hand or a wave goes forward by the 
momentum of the water. Tltc other cause is found in the 
' interruption of tlio motion by t!ic great continents. 
The tidal waie, as it is called, meeting a continent, 
spreads out1n one direction or the other, according to 
the lay of tlie land, and may be a long time in passing 
from one point to another. Thus arise all sorts of ir- 
regularities in the tides when we compare those in dif- 
ferent places. 

The sun produces tides as well as the moon, but 
smaller ones At the limes of new and full moon the 
two bodies unite their forces and cause the highest and 
lowest tides These are familiar to all dwellers on the 
scacoast and are called tpring tides About the time of 
the first and last quarters the attraction of the sun 
opposes that of the moon and the tides do not rise so 
high or fall so low, and these are called neap tides. 



V 

£CL11>S£S OF THE MOON 

An eclipse of the moon is caused by that body enter- 
ing the shadow of tlie earth An eclipse of the sun is 
caused by the moon passing between us and the sun 
We shall explain the moie interesting features of tliese 
phenomena and the lai\s of their recurrence 

Why is there not an cchpse of tlie moon at every full 
moon? The earth’s shadow must always be in its place 



Fia 19 The Alaon in the Shadoxff of the Earth 


opposite the sun , but the moon at the full phase com- 
monly passes either above oi below the shadow of 
earth, and so fails to be eclipsed This arises from the 
fact that the orbit of the moon has a small inclination, 
about five degrees, to the plane of the ecliptic, in -nbich 
the earth mo>es, and m which the center of the slindo" 
always hes Returning to our former thought of the 
ccbptic being marked out on tlie celestial sphere, let us 
suppose that we also mark out the moon’s apparent 
path among the stars during the course of its reioln* 
'll* 
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tion. We should then find the orbit of the moon cross- 
in" thiit of the sun in two opposite points, at the very 
small angle of five degrees. These points of crossing arc 
called nodes. At one node the moon passes from below, 
or south of the ecliptic, to the north of it. This is called 
the ascending node. At the other the moon passes from 
north to south of the c'cUplic. This is called the de- 
scending node. The terms ascending and descending arc 
applied to tlio node, because to us in the northern 
hemisphere, the north sidcof the ecliptic and equator 
seem to be above lliQ south side. 

At the points halfway between tlie nodes the center 
of the moon is above the ecliptic plane by about one 
twelfth its distance from us, that is, by about twenty 
thousand miles. Since the sun is larger than the earth, 
••the shadow of the earth tapers gradually away from the 
earth. At the distance of the moon its diameter is about 
three fourths that of the earth, or about sis thousand 
miles. Since its center is in the plane of the ecliptic, tlie 
shadow nt the moon’s distance extends only about three 
thousand miles above and below that plane. Hence the 
moon can pass through it only when it is near the nodes. 


ncursE sEiVsexs 

The line joining the sun and moon of course turns 
round ns the earth moves around the sun. It therefore 
crosses the moon’s nodes ta*ice in the course of a year. 

•That is to say, if we suppose Uic nodes to be marked in 
Uic sky, the ascending node at one-point, and the de- 
scending node at the opposite point, then the sun in its 
eastward movement along the ecliptic will appear to 
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us to pass eacli of these points “ “JX 

While the sun is passing one node the shadow 
earth ivill seem to he passing the other It is ” 
tivo times of the year, six months apart, that an echp 
of the sun or moon eah oceur These ed.pse 
about a month, that is to say, it is generally about a 
month from the time when the sun gets near enongh to 
a node to aUow of an eehpse until the sel 

too far past for an eclipse to occur In 
sons were April and October ,„„a,f,nns 

If the moon’s nodes were to keep the same p 
on the eehplic, eclipses eonld occur ody mo 
these two months But, owing to the “tt™! de is 
sun on the earth and moon, the position of the nod 
continually changing in a direction “PP°X * com 
the motion of the two bodies Each node 
plete revolution westward around the celestial sp 
eighteen years and seven months In tins same p 
the eclipse seasons step backward around tho 
year On the average they occur about nineteen 7 
earlier every year than they did the year before 


appearance of eciapsed moon 
If we watch the moon when an eclipse is bcginningi 
we shall see a small portion of its eastern edge 
ally grow dim and finally disappear As the m 
advances, move and more of its face is darkcnc y 
entrance into the shadow It, howeicr, we look 1 
carefully, we shall see that tile part immerse ^ 

shadow has not entirely disappeared, but shines Wl 
very faint light If the whole disk of the moon enter 
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into the shadow, the eclipse js said to be total ; if only 
n portion of the dish dips into tlie shadow, it is called 
partial. tMien the eclipse is total, tJtc light which al- 
most alwajs illuminates the eclipsed moon will be \ery 
plainly seen, because it is not dromed out by the 
dazzling light of the uncclipsed portion. Tins hglit, of 
a dull re<l color, arhes from tlie refraction of the 
earth’s atmosphere, which was described in a former 
cliaplcr. Those rays of the sun wliich just graze the 
earth, or pass within a short distance of its surface 
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are thrown by refraction into the shadow, where they 
fall on the moon The red color is due to the same cause 
tliat makes the sun appear red at sunset, namely, the 
absorption of the green and blue rays bj the atmos- 
phere which lets the red rojs pass. 

Two or tlirec eclipses of the moon occur e%cry year, 
of these one, at least, is nearly alwajs total But, of 
course, the eclipse will be nsiblc only m that hemi- 
sphere of the earth on which llie moon is sliming at the 
time 

When the moon is cchpsed an observer on that body 
would see an eclipse of the sun by the earth The cause 
of the phenomenon we ha>e desenbed would then be 
plain enough to him Tlie apparent size of the earth 



lie THE SUN. EARTH, AND MOON 
would bo much larger than that of tlio moon ns we see 
jt. Its dinmclcr would he bclnocn three and four times 
tlmt of tlie sun. At first tins immense body vould bo 
invisible wlien it approached t!ic sun. What the oh- 
Bcncr would see would be the cutting off of the light of 
the sun by the advancing but invisible cnrlh When the 
latter had ncnrlj covered the sun, its wliolc outline 
would be shown to liim by a red light surrounding it, 
caused by the refraction of the earth’s atmosphere. 
Finally, when the lost trace of true sunlight had disap- 
peared, nothing would be visible but this ring of bright 
red liglit having inside of it the black but otherwise in- 
visible part of the earth. 

The circumstances of an cchpsc of the moon arc quite 
different from those of a solar cchpsc, to be described 
in tlie nest chapter. It can always be seen at llic same 
instant over the whole hemisphere of the earth on which 
the moon is shining at the time. A curious phenomenon 
occurs when the moon rises totally eclipsed. Then we 
may see it on one horizon, soy the eastern one, while the 
sun IS still visible on the western horizon. The explana- 
tion of tliis seeming paradox is that one of the two 
bodies is really below the liorizon, but is so devated by 
r'^fraction that we can see it also. 
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i:ci.ira£s or rnr sun 


If Tin: moon ino\cd exactly m the plane of the ecliptic 
it would pass o\cr the face of tlic sun at_e^e^5 
moon But, owing to the inclination of its orbit, as de- 
scribed in the preceding chapter, it mil actual!} do so 
onl} when the direction of the sun Imppcns to be near 
one of the moon’s nodes When this occurs, we may see 
an cebpse of the sun, if wc arc on the right part of the 
earth 

Suppose that the moon passes o^ cr the sun The first 
question is whether it can wholly hide the sun from our 
view This depends not on the actual size of the two 
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bodies but on their apparent size We know that the 
sun has about four hundred tunes the diameter of the 
moon But it is also four hundred tunes as far from us 
as the moon The cunous result is that the two bodies 
appear to us of nearly the same size Sometuncs the 
U7 
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moon appears a little larger, and sometimes slightly 
smaller In the former case tlic moon may entirely hide 
the sun , m the latter case it cannot do so 

One important difference between an eclipse of the 
moon and of the sun is that the former has the same 
appearance whe^e^e^ it is visible, i\hile nn eclipse of the 
sun depends upon the position of the obsenor The 
most interesting eclipses arc those in which the center 
of the moon passes cxacllj over that of the sun These 
are called central cchpsca To scu om.-, mC observer must 



Fig 22 The Moon Pa$$m<; Centrally over the 
Sun durtny on Annular Eclipse 


station himself at a point through which ♦hw line join 
mg the centers shall pass Then if the apparent size of 
the moon exceeds that of the sun, the moon will com 
pletely lude the sun from view The echpse is then sai 
to be total .. 

If the sun appears the larger, a nng of its hght wiU 
surround the dark body of the moon at the moment of 
central eclipse The latter is then called annular (Latin 
annvltiSt a nng) 

The Ime of centers of the two bodies sweeps along 
the surface of the earth, and its course may be sho^ 
by a line marked on a map Such maps, showing the 
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regions and lines of eclipses, are published in advance 
in the nautical almanacs. An eclipse may be total or 
annular in a region a few miles north or south of this 
central line, but never for so far as one hundred miles. 
Outside tills limit an obserrer will see only a partial 
eclipse, tliat is, one in wlijch the moon partly covers 
the sun. In yet more distant regions of the earth there 
will be no eclipse at all. 


BEACTT OP A TOTAI. ECLIPSE 

A total eclipse is one of the most impressive sights 
that nature offers to the eye of man. To see it to the 
best advantage one should be in an elevated position 
commanding the widest possible view of the surround- 
ing country, especially in the direction from which the 
shadow of the moon is to come. The first indication of 
anything unusual is to be seen, not on the earth or in 
the air, but on the disk of the sun. At the predicted 
moment a Httle notch vnll be seen to form somewhere on 
the western edge of the sun’s outline. It increases min- 
ute by minute, gradually eating away, as it were, the 
visible sun. No wonder that imperfectly civilized peo- 
ple, when they saw the great Immnary thus diminishing 
in size, fancied that a dragon was devouring Its sub- 
stance. 

For some time, perhaps an hour, nothing will be 
noticed but the continued progress of the advancing 
moon. It will be inter^ting if, during this time, the 
observer is in the neighborhood of a tree that will 
permit the sun’s rays to xeacli the ground through the 
small openings in its foliage. The little images’ of the 


loo THE SUN. eautii. and moon 

■ Wich fo™ Lore nna too 
have the form of the pnrlmllj ed.psed 
sun appears ns the crescen m , by 

creasing, the crescent ^accommodated 

minute. Even then, so n-ell lms the ^ ^ 

itself to the diminishing light, tl y ^ 

noticeahlc darkness until t ic cres 
thin. If the observer has a ^ escope -«> 
for viewing tile sun, „„ the moon, 

opportunity of seeing i usual soft 

The'unbroken limb of the sun ^ „„„nl. 

and uniform outline But the ■-■J ” “ „ „f the 
the edge of wiiicli is formed by tlie surme 
moon,lill be rougli nnd jagged ““‘'y,,' „rtvancing 

As the crescent is about to disaj p , 

mountains on the rugged tbeVatter but 

reach the sun’s edge, leaving nothing of the la 
a row of broken fragments or points of 1 g 
between tile hollows on the lunar surface, inej 
a second or two and then vanish. j, jj 

Now is seen the glory o the ^ is 

clear and'the sun in black 

visible. Where the latter ought to be the 1c«c/ ^t is 
globe of the moon hangs, 'as it were, m 

fnrrounded by an effulgonce'radiating a saindy g 

This is the sun’s corona, already m 

chapter on the sun. Though bright enongb ^ 

aided vision, it is seen to tbe^ bes a i jiven a com' 

telescope of very low magnifying fover. 

mon opera glass may suffice. With a e^ ^ ^bus 

power only a portion of the corona is visi , „|ass, 

the finest part of 'the effect is lost. A common SPJK 
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mttgnifying ten or twelve times, is belter, so far as 
effect IS concerned, than the largest telescope Such an 
instrument mil show not only the corona but tJie 
prominences also, t!ie fantastic cloud bke forms of rosy 
color rising here and there, seemingly from the dark 
body of the moon 


AKCIENT ECUPSES 

It IS remarkable that tliough the ancients were 
famibar mth the fact of cchpses, and the more en 
lightened of them perfectly understood their causes, 
some even the laws of their recurrence, there are very 
few actual accounts of these phenomena in the writings 
of the ancient lustonans The old Cluncse annals now 
and then record the fact that on eclipse of the sun 
occurred at a certain time in some province or near 
some city of the empire But no particulars are given 
The Assyriologists ha^e deciphered from ancient tob 
lets a statement that an echpse of the sun was seen at 
Nineveh, B C 763, June 15 Our astronomical tables 
show that there actually was a total eclipse of the sun 
on this day, during which the shadow passed a hun 
dred miles or so north of Nineveh 

Perhaps the most celebrated of the ancient eclipses, 
and the one that has given rise to roost discussion, is 
that knonm as the echpse of Thales Its principal lus 
toncal basis is a statement of Herodotus that in a 
tattle between the Ljdmns and the Medes the day 
was suddenly turned into night The armies thereupon 
ceased battle and were more eager to come to terms 
mth each other It is added that Thales, the Milesian, 
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had predicted to the lonians tliis change of day into 
night, even the very year in ^hich it should occur. 
Our astronomical tables shon* that there actually Tras 
a total ecbpse of 'the sun in the year B. C. 685, which 
was near enough to the time of the battle to be the one 
alluded to, but it is now known that the path of the 
shadow did not quite reach the seat of hostilities till 
after sunset. Some doubt therefore still rests on the 
subject. 


PREDICTION OF ECLIPSES 

There is a law of the recurrence of eclipses which 
has been known from ancient limes. It is based on the 
fact that the sun and moon return to nearly tlie same 
positions, relative to the node and perigee of the moon’s 
orbit, after a period of sis tlioosnnd five hundred and 
eighty-five days eiglit hours, or aghlcen years and 
eleven days This period is called the Saros. Eclipses 
of every sort repeal Ihemsehes at the end of a Saros. 
For example, the eclipse of Jlay, 1900, may be re- 
garded as a repetition of those which occurred in tlie 
years 184G, 1864, and 1882. But when such an eclipse 
recurs it is not visible in llie same part of tlie earth, 
because of tlie excess of eight hours in the period. Dur- 
ing this eight hours the earth performs one third of a 
rotation on its axis, which brings a different region 
under the sun. Each ccKpsc is visible m a region about 
one third of the way round the world, or one hundred 
and twenty degrees of longitude west of where it oc' 
curred before. Only after three periods will the recur- 
rence bo near the same re^on. But in the meantime 
the moon’s line of motion will ho\e changed so that thf 
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path of its shacJow will pass farther north or south 
than before. 

Tlierc are two scries of solar eclipses remarkable 
for tlic long duration of the total phase. To one of 
these the eclipse of September 21, 1922, belongs. Tliis 
recurred on October 1, 1910, nnil was risible in South 
America. The duration of totality was nearly six min- 
utes. 

To the other and yet more remarkable scries be- 
longed the eclipse of May 11, 1901. At the successive 
recurrences of this eclipse the duration of totality will 
be longer and longer through the twentieth century. 
In 1937 it exceeded seven minutes and Tvill do likewise 
in 1955 and 1973. TIw maximum possible duration of 
total solar eclipse is about seven minutes and a half. 

TITE son’s corona 

The most spectacular feature of the total solar 
eclipse is the sun’s corona, which can be seen only on 
these occasions. Tliis pearly light around the sun comes 
abruptly into view at Ibc beginning of totality and 
vanishes with equal abruptness at the ending. Photo- 
graphs show the corona as a structure of intricate de- 
tail, changing form in a striking way as the numbers 
of sun-spots increase and diminish. 

Near the time of sun-spot maximum, the corona has 
about the same extension in all directions from the sun. 
At this phase it has been likened to a dahlia. Petal- 
like forms project on all sides from the solar disk. Long 
streamers of faintly luminous stuff and elaborate 



124 the SDN, EAKTH, AND MOON 

arches above, the red prominences are characteristic 

details also. ^ 

Aronnd sun-spot minimum, short spikes emerg 
the polar regions, curving toward the equa or. 
remind us of the pattern assumed by iron 
vicinity of a magnet. But studies of the 
ers do not bear out the first 

association nith the sun’s magnetic field. This p 
of the corona is remarkable also bccaosc ° , 

streamers stretcliing out like two great wings r 
equatorial parts of the disk. 

As a spectacle, the corona must he ranked amon 
the finest eights in the heavens In its c° 

buHon to astronomical knouledge it has 
proved disappointing. It is true that the '^‘’ronn 
played to us very infrequently and at these tim J 
for a few minutes. But excellent photographs of ma 7 
total solar echpses during the past forty 7'“” 
"available for prolonged study. Such studies “ 
far yielded small return on the investment of tim , 
energy, and money which have been spent on ec p 
expeddions. often to remote parts of the wo rid 
Whether the corona has an important message 
part remains to he discovered. 



Paiit IV 

THE PLANETS AND THEIR SATELLITES 



I 

ORBITS A^D ASPECTS OT THE 
3* X A 1. E T S 


Tiie orbils in R'hich the plnncls rc\ohe around their 
control luminary are in strictness ellipses, or slightly 
flattened circles Sut the flattening is so slight that the 
eye would not notice it without measurement Tiic sun 
IS not in tlio center of the ellipse but in o focus, which 
in some cases is displaced from the center bj an amount 
that the eye can readily perceive. This displacement 
measures the eccentricity of the clLpse, which is much 
greater than the flattening For example, in the ease 
of Mercury, which moves in a very eccentric orbit, the 
flattening is only one fiftieth, that is, if we represent 
the greatest diameter of the orbit by fift}, the least 
diameter will he forty nine But the distance of tlic 
sun from the center of the orbit is ten on the same 
scale 

To show this we give a diagram of the orbits of the 
inner group of planets showing quite nearly their 
forms and respective locations A simple glance will 
show that the orbits arc much nearer together at some 
points than at others 

In explaining the various aspects and motions, real 
and apparent, of the planets, a number of technical 
pxpressions are used which we shall explain 

Inferior planets are those whose orbits he within the 
m 
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orbit of the earth. This class comprises onlj Mercury 
and Venus. 

Superior planets ate those wliose orbits lie without 
that of the earth. Tliese comprise Mars, the minor 



planets or asteroids,^and all fi\e of the outer group 
of major planets. 

When a planet seems to us to pass by the sun, and 
so is seen ns if alongside of it, it is said to be in con- 
junction with tlie sun. 

An inferior conjunction is one in which the planet 
is between us and the sun. 

A superior conjunction is one in whicli the planet is 
bej ond the sun. * 

A little consideration will show tliat a superior 
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planet can never be in inferior conjunction, but an in- 
ferior planet has both kinds of conjunction. 

A planet is said to be in opposiiioot when it is in the 
opposite direction from the stin. It then rises at sunset, 
and vice versa. Of course, an inferior 'planet can never 
be in opposition, . * 

The perihelion of an orbit is that point which is 
nearest the sun; the aphelion its roost distant point 
from the sun. 

As the inferior planets; Mercury and Venus, per- 
form their revolutions, they seem to us to siving from 
one side of tlie sun to the other. Their apparent dis- 
tance from the sun at any time is called their elonga- 
tion. - .. 

The greatest elongation of Mercury is generally 
about twenty-five degrees^ being sometimes more and 
sometimes less, owing to the great eccentricity of the 
orbit of this planet. TJie greatest elongation of l^enus 
is almost forty-five degrees. 

When the elongation of one of these planets is east 
from the sun wc may see it in the west after sunset; 
when west we may see it in Uie east in the morning 
sky. As neither of them ever wanders from the sun 
‘farther than the distances we have stated, it follows 
. that a planet seen in the east in the evening, or in the 
west in the morning, cannot be either Mercury or 
Venus. 

No two orbits of the planets lie exactly in the same 
plane. That is, if we regard any one orbit as liori- 
zontnl, all the others will be tipped by small amounts 
. ^toward one side or the other. Astronomers find it con- 
venient to take the plane of the earth’s orbit, or the 
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ecliptic plane, as tlie honzonial or standard one. As 
each orbit is centered on the sun it will have two op- 
posite points Tvhich lie on the same horizontal plane 
as the earth’s orbit More exactly, these are the points 
at which the orbit intersects the plane of the echptic. 
Tliey are called nodes. 

The angle by which an orbit is tipped from the plane 
of tile echptic is called its tncltiuiUon The orbit of 
IMercury has the greatest inchnation, about 7“. The 
orbit of Venus is inclined 8® 24'; those of all the 
superior planets less, ranging fiom 0“ 46' in the case 
of Uranus to 30' in the case of Saturn, with the 
conspicuous exception of Pluto, whose orbit is in- 
clined IT® 


DISTAKCES OF THE PLANETS 

Leaving out Neptune and perhaps Pluto, the dis- 
tances of the planets follow very closely a rule known 
ns Bode’s Law, after the astronomer uho first pointed 
it out It IS tlus • Take the numbers 0, 3, 6, 12, etc , 
doubling each as we go along Then add 4 to each 
number, and we shall Jnt very nearly on the scale of 
distances of all the planets excepting Neptune, thus. 


Mercury, 0 4-4=> 4, actual distonce 4 

Venus, 3 -J- 4 7, " 


7 

Earth, 6-i-4» lO; ** 


10 

Mars, 12 4- 4 — 16, *' 


16 

Asteroids, 24 4'4« 28, “ 


20 to 40 

Jupiter, 48 -j- 4 =» 52, ” 


S2 

Saturn, 90 -{-4 b 100, ** 


95 

Uranus, 192 -{-4== 19C, ** 


192 

b eptane, 384 -{-4 b 888 , '* 


302 

Pinto, 7C8 -{-4 b 772, ** 


896 
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On lliMC Actual distances we remark that astrono- 
mers do not use miles or other terrestrial measures to 
express distances between the heasenU bodies, for two 
reasons In the first place, miles are too sliort, to use 
them would be like stating tlie distance belwccci two 
cities m inches In tlie next place, distances in the hcas- 
ens cannot be fixed with the necessary exactness in our 
measures, whereas, if we take the sun’s distance from 
the earth as the unit of measure, we can determine 
other distances between the planets with great pre- 
CLSion in terms of this measure So, to get the distances 
of the planets from the sun in astronomical measure, 
we liavc to dindc the last numbers of the preceding 
table by ten, or insert a decimal point before the last 
figure of each 

We ha\e not in this table distracted tlie attention of 
the reader by using unnecessary decimals Actually, 
the distance of Mercury is 0 S87, etc , we base simply 
called it 0 4 and multiplied it bjf 10 to get the propor- 
tion for comparing with Bode’s Law 


KEri.ER’8 lAWS 

The mobons of the planets in their orbits take place 
in accordance with certain laws laid down by Kepler, 
and therefore known as Kepler'a laws The first of 
these has already been mentioned, the orbits of the 
planets are ellipses, of winch the sun is in one focus 
The second law is that the nearer the planet is to 
the sun the faster it mo\cs With more mathematical 
exactness, the areas swept over by the line joining the 
planet and sun in equal times are all equal 
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The third law is tlint the cubes of the mean distances 
of the planets from the sun are proportional to tlie 
squares of their periods of re\olution This law re- 
quires some illustration Suppose one planet to be four 
times as far fiom the sun as another It will then be 
eight times as long going around it This number is 
reached by taking tlie cube of four, wluch is sisty- 
four, and then extracting the square root, which is 
eight ' 

The unit of measure which the astronomer uses to 
express distances in the solar sjstem being the mean 
distance of the earth from the sun, it follows that the 
mean distances of the inferior planets inll be decimal 
fractions, as we have just shown, while those of the 
outer ones will vary from I 6 in the case of Mars to 40 
in the case of Pluto If we take the cubes of all these 
distances and extract their square roots we shall haic 
the periods of the revolution of the planets, expressed 
in years 

Tt will be seen that the outer planets are longer in 
getting around their orbits, not only because tliey liave 
farther to go, but because they actually moie more 
slowly If, as in the case first supposed, the outer 
planet is four tunes as for from the sun, it will move 
only half as fast This is why it takes eight times as 
long to get around The speed of the earth m its orbit 
13 18 5 miles a second But that of Neptune is only 
3 5 miles n second, although it has tlurtj times as far 
to go This IS why it takes more than one hundred end 
sixty years to complete a revolution 
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Tlir PI.ANIT MEnCURY 


To SET fortli wlml is knotrn of the major planets 
shall lalvc them up m the order of their distance from 
llie sun The first planet reached a ill then be Morcurj 
It IS not only the nearest planet to ilic sun, but much 
the smallest of the nine, so small, indeed, that, but for 
its situation, it aould hardlj be called a major planet 
Its diameter is 50 per cent greater than that of the 
moon, but, the \oIumcs of bodies being proportional to 
the cubes of their diameters, it has more than three 
times the lolumc of the moon 

With the exception of Pluto, I\Iercur} has far the 
most ecccntnc orbit of all the major planets, though, 
in this respect, it is exceeded nho b\ sonic of the minor 
planets to be hereafter dcscnlwd In consequence, its 
distance from the sun larics between wide limits At 
penhehon it is less than twcnli-ninc millions of miles 
from the sun, at aphelion it goes out to a distance of 
more than fortj three millions of miles It pci forms 
its rciolution around the sun in a little less than three 
montlis, to speak more cxnctlj, in eighty eight dajs 
It therefore makes more than four reiolutions in a 
jear 

Performing more than four rciolutions aiound the 
sun while the earth is performing one, Mercury comes 
to conjunction with the sun at certain regular though 
somewhat unequal intennls To show the cxaci nature 
133 
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of its apparent motion let tlic inner circle of the 
diagram (Figure 24) represent the orbit of Mercur} 
and the outer one that of the earth When the earth is 
at E, and Mercury at M, the latter is m inferior con 
junction with the sun At the end of three months it 



Fiq 24 Conjunctions of Mercury vnlh the Sun 


Will have returned to the point M, but it will not yet 
be in conjunction, because, in the meantime, the earth 
has moved forward m its orbit When the earth reaches 
a certain point F, Mercury will have reached the point 
N and will again be in inferior conjunction This 
revolution from one inferior conjunction to another is 
called the synodic revolution of the planet. In the case 
of Mercury this is somewhat less than one tlurd more 
than the time of actual revolution , that is to say, the 
arc MN is a httle less than one third of the circle 
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Now suppose that when the earth is at E, Jlcrcury, 
instead of being at M is near the highest point A of the 
orbit ns represented m Figure 25. It will then be at 
its greatest apparent distance from the sun, os we sec 
it from the earth, or, in technical language, at its 
greatest clongabon. Being cast of the sun, it will tlien 



set after the sun, and may be seen m tlie twilight in 
tlic western sKy from half an hour to an hour after 
sunset At the opposite elongation, near C, it is west of 
the sun, then it rises before Uic sun and may be seen 
m the east in the morning twilight As eicnmg star. 
Mercury is best seen at eastern elongations which occur 
m the spring, as morning star at western elongations 
in the autumn 

Tire APPEABA>.ci: or arencuRY 

The best time to make a telescopic study of Mercury 
IS late m the afternoon, when it is near east elongation, 
or shortly after sunrise, if it rises before the sun Sup- 
posing it east of the sun, it will probably be visible in 
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And less of tlic niuminalcd one Hut tins disndvnntA^e is 
counterbalanced bj the fad timt tljc jdanct continually 
comes nearer during the intena), so that nc get a 
belter Mcw of •n‘bnlc\cr portion of the illuminated 
hemisphere may be visible to us Its apparent form 
and size at different times during its synodic rciolu- 
tion go through n senes of changes similar to those 
shooTi in tlic ncyt clmpler m the ease of Venus 

It 13 probable that Mercun bas no nlmosphorc It 
seems quite certain that, if it has one, it is too rare to 
reflect the light of tlie sun 


TRANSITS OF MFRCURT 

It mil be readily seen that, if on inferior planet 
rcroUed around the sun in the same plane as the earth, 
we should see it pass over the sun's disk nt c\crv m 
fenor conjunction But no Ino planets revohe in the 
same plane Of all the major planets, Pluto excepted, 
the orbit of Mercury Ims the largest inclination to that 
of the earth In consequence, when m inferior conjunc 
tion, it commonh passes n greater or less distance to 
the north or to the south of the sun If, however, it 
chances to be near one of its nodes at the time of con 
junction, we shall see it with the telescope as a black 
sx)ot passing across the sun’s disk T.his phenoTnenon 
13 called a transit of Mercury Such transits occur nt 
intervals ranging between three and thirteen years 
They arc observed with much interest by astronomers 
because it is possible to determine witli great precision 
the time at which tlie planet enters upon the solar disk, 
and leaves it again Knowing these times, valjnble in 



ISO THE PLANETS AND THEIE SATELLITES 

the telescope ot any time after noon, 

ernllj disturbed by the sun’s rays, so that it is y 

possible to make a good observation at that time 

in the afternoon the air grows steadier, so 

planet can be better observed But, after sunset th 

planet is seen tbrougb a continually increasing «ten^ 

of atmosphere, so that the blurring again beg ^ 

increase Owing to these circumstances Mermy 

difficult planet to stud} in a satisfactory 5. 

observers differ very much ns to what can b 

its surface .1 „i. 

In earlier times, nearly all observers 
period of rotation could be certainly ,, „ 

Mercury But in 1889, Schiaparelli, observing 
fine telescope in the beautiful sky of nor , 
noticed that tlie aspect of the planet seemed uncha g^ 
day after day He was thus led to t^he „ 

it always presents the same face to the sun, as ' “ 
presents the same face to the earth Tins 
shared by Lowell, obscr\ing at PlagstafF, 
and it IS now held by the majority “"‘""““'Line 
Owing to the various positions <>£ Mercury 
to the sun it presents phases bke those o 
These depend upon the relation of the '>“rk 
illuminated hemispheres relative to the dir 
which we see the planet The hemisphere wtart 
turned away from the sun, being in _fitcd 

invisible to us At superior conjunction the lUu 
hemisphere is turned toward us, and the is » 
planet is round, like the full moon As it move 
east elongation to inferior conjunction, more an 
of the dark hemisphere is turned toward us, on 
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sun His announcement set people to looking for tlie 
supposed planet About 18C0, Lcscarbault, a country 
physician of rranco, who possessed a small telescope, 
thought he !iad seen this planet passing o\cr the disk 
of the sun Another more experienced astronomer, 
however, who was looking at the sun on the same day, 
failed to see anything except an ordmarj spot It was 
probably this which misled the physician astronomer 
Now, for many 3 ears, the sun has been carefully 
scrutinized and photographed from dar to day at 
several stations without anvlhing of the sort being 
seen 

Still, it seemed possible that little planets so minute 
as to escape detection in passing o\cr the sun^s disk 
might rc%oUc in the region m question If so, their 
light would be completely obscured by that of tlio sky, 
so that they would not ordmanly be visible But there 
was still a chance that, during a total eclipse of the 
sun, when the light is cut oflf from the sky , tliev could 
be seen Observers Im'c, from time to time, looked for 
them during total echpscs, and the powerful agency 
of photography has been in\okcd as well A decisive 
answer was obtained at the total eclipse of 1901, when 
some fifty stars acre photographed in the sun’s ncin 
ity, some as faint as the eighth magnitude, but they 
were all found to be known objects It therefore seems 
certain that there can be no intramercunal planet 
much brighter than the eighth magnitude It would 
take hundreds of thousands of such planets as tlus to 
produce the observed motion of Mercury So great 
a number of these bodies would cause a far brighter 
ilUmmation of the sky than any that we see The 
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formation is afEordod respecting the exact law of 

motion of the planet. _ 

The first ohseriation of a transit of Mer r} 
made by Gassendi on November 7, 1631. H's “ se 
tion is not, however, of any scientific va • 
present time, owing to the imperfection o “ 
ments. A somewhat better but not goo o 
was made by Halley, in 1677, during “ 
island of St. Helena. Since that time the trans^ 
been observed with a fair degree “f 
following table shows the transits that were b 
cenlly and one which may be seen in 19o3, 
regions of visibility: , . 

1937, Jlay 11, Jlercury graced m v in 
sun. Tlie phenomenon was visible only m ^ 
since It occurred during the hours of dnrkncs 

1940, November 10, visible m the IVcstcrn and Pacific 

19S3, No\cmbcr 14, visible throughout the United 

States* , *1 P‘77 ha'e 

Observations of transits of Mercury since lb : 
brought out au interestiug fact. The orbi of 
planet is found to be slowly changing its pos tm 
periliclion moring forward by about forty-tl 
ends a century farther than it ought to ^ 

sequence of the nltrnction of all 
Tills dcMalion vas disco%cred, in 184o, by Lc ^ 
celebrated as linMng computed the P°s‘bon ox * 
tunc before it bad c^cr been recognized m ^ ^ 

He attributed the discrepancy to the j tl,o 

planet, or group of planets, between Mcrcurj a 
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THE PLANET VENtTS 

Of all the star-like objects in the Ijeavens the planet 
Venus is the most ‘hrilliftnl. The sun and moon arc the 
only heavenly bodies outshining it. In a clear and 
moonless evening it maj' be kren to cast a shadow. If 
an observer knows exactly where, to look for^it and 
has'^a well-focused eye, it can be seen in the daytime 
■when neat the meridian, provided that the sun is not 
^in its" immediate neighborhood. When it is east of the 
8un it may; be seen in the west, faintly before sunset 
and growing continually brighter as the sunlight 
diminishes. When nest of the sun it rises in the morn- 
ing before the sun, and may then be seen in the cast. 
Under these circumstances it has been called the eve- 
ning and morning star respectively. The ancients 
called it Hesperus when an evening star, and PIios- 
phorus when a morning star. It is said that, in the 
early history of our race, Hesperus and Phosphorus 
were nbl known to be the same body. 

If ^'’e^us is examined with the telescope, even one of 
low power, it will be seen to exhibit phases like those 
of the moon. This fact was ascertained by GaUleo when 
he first directed his telescope toward the planet, and 
it afforded him strong evidence of the truth of the 
Copemican system. In accordance with a custom of 
the time he published this discovery in the form of an 
in 
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result therefore seems to be conclusi^ e ogainst tlie > lew 
that the motion of the perihelion of ilercury can be 
produced by intramercurial planets. In addition to all 
these difficulties in supposing the planet to exist wc 
ha^e the difficulty that, if it did exist, it would pro- 
duce a similar though smaller change in the position 
of the nodes of either ^lercury or Venus, or both 
The general theory of relativity, formulated by Ein- 
stein, in 1915, requires the ad\ance of Mercury’s 
perihelion at the rate of 43* a century faster than 
that calculated by Newdon’s theory of grantnlion, ami 
in practical agreement ^nth the’obscr\ed excess. It is 
one of 6C%cral instances in which celestial phenomena 
seem to be more successfully represented by the relativ- 
ity theory than by Uie older one. 
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ROTATION OF VXNCS 

The question of the rotation of Venus has interested 
astronomers and tlio public e\cr since tlic time of 
Galileo. But the difficulty'of learning anything certain 
on the subject is very great, ot\*ing to the peculiar 
glare of tlic planet. When seen tlirough a telescope no 
sharp p.nd well-defined markings arc %'i5iblc. Instead 
of this there is a glare on tlic surface, varying by 
gentle gradations from one region to another, as if we 
nere looking upon a globe of polislied but slightly 
tarnished metal, Ne\erthcless, various observers hove 
.supposed that they could distinguish blight or dark 
spots. As far back as 1667, Cassini concluded from 
these seeming spots that the planet re\obcd on its axis 
in a Uttlo^lcss than taenty-four hours. During the 
next century, Blanchini,^on Italian observer, published 
an extensbe treatise on the subject, illustrated with 
many drawings of the planet. His conclusion was that 
Venus requires more than tnenly-four days to rotate 
on its axis. Schiaparelli, in 1890, arrhed at a still dif- 
ferent conclusion, namely, that Venus rotates on its 
axis in the same period that it roohes around the 
sun; in other words, both Mercury and Venus always 
present the same face to the sun, as the moon presents 
the same face to the earth. Schiaparelli reached this .. 
conclusion by-noticing that a number of exceedingly 
faint spots could be seen on the southern hemisphere 
of Venus for several days in succession in the same 
position day after day. He could observe the planet 
through several hours on each day, and the constancy 
of the spots precluded the idea that the planet made 
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ooUccl.on of laltcrs vine!., 
qucnlh pul together, would stntc the discover} T r«m 
Wed mlo Engl.,!, the onogrom read. “The mother of 
the lo\es emulates the phases of Cyiithio 

Wlmt we have said of the synodic motion of hler 
cury applies m principle to Venus and need not th 
fore be repealed In Eigure 26 the apparent sire 
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Pointi of 


the planet is slioira in various parts of its J 
orbit As the planet passes from superior to 
conjunction its dish continuaUy grows '“^ee 
parent size, though we cannot sec 
But tlie fraction of the disk illuminated c 
becomes smaller, first having the shape of a 
and then the shape of a crescent, which gro 
and thinner up to the time of inferior vonjunctio 
the latter position the dark hemisphere is turn 
ward us and the planet is invisible Venus , 
greatest brightness about halfway ^ ^tout 

conjunction and greatest elongation ^ about 

two hours after the sun^ if cast of it, and rises 
two hours before the sun, if west of it. 
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one end of tlie arc. Tl>is appearance was explained bj* 
Russell, of Princeton, nho showed that the atraospherc 
is 80 full of vapor llml we cannot see the light of the 
sun bj direct refraction through it. What we see is 
an illuminated stratum of clouds or vapor floating in 
an atmosphere. Such being the case, it is not at all 



TART OF’THE SOT. 


Fjo 27. EfffCt of the Atmosphere of Venus dur- 
ing the Transit of 1883 

libely that astronomers on the eorth con e\er see the 
solid body of the planet through these clouds. Hence 
the supposed spots could only have been temporary 
clouds, continually changing. 

To illustrate the illusions to which the sight of even 
good observers may be subject, we may mention the 
fact that several such observers have supposed the 
whole hemisphere of Venus to be nsible when the planet 
was near inferior conjunction. It then had the appear- 
ance familiarly loiown as **the new moon in the old 
moon’s arms,” with which everyone who observes onr 
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one rotation anti n little more in the course of a day. 
Lowell was led to the same conclusion by careful study 
of the planet at his Arizona observatory. 

That careful observers of the markings on the disk 
of Venus have disagreed so widely ns to the period of 
its rotation can be interpreted in only one way. The 
markings arc very faint indeed. It is tbc present opin- 
ion tliat tliis planet rotates at a considerably slower 
rale than the earth does. Special observations with the 
spectroscope, and the absence of appreciable flatten- 
ing at llie poles of the planet, give evidence in this 
direction. But a period ns long ns 225 dajs is not 
entirely acceptable. Beccnl pholograplis by Ross, 
which show markings more clearly tlion tbc eye can 
discern tlicm, suggest more rapid clmngcs in the mark- 
ings tlian would be likely to occur if the planet turned 
the same hemisphere always toward the sun. Ross as- 
signs tentatively a rotation period of thirty doys. 


ATSiosrnEnE op vtekos 

It is now well established that Venus is surrounded 
by an atmosphere wliich is probably denser than that 
of the carUi. This was shown in a remarkable and in- 
teresting way during the transit of Venus over the 
sun’s disk in 1882, vrhich was observed by tlie writer 
at the Cape of Good Hope. When the planet was o little 
more than halfway on tbc disk, its outer edge appeared 
illuminated, as shown in Figure 27. This illumination, 
however, did not commence at the middle point of the 
arc, as it should have done had it been caused by reg- 
ular refraction, but commenced at ti point quite near 
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%'isible in this countrj. In the southern hemisphere sta- 
tions were occupied at the Cape of Good Hope and 
other points The ohser\ations made bj these expedi- 
tions proied of great \aluc in determining the future 
motions of Venus, hut it is ns found that other methods 
of determining the distance of the sun would lead to a 
more certain result. 
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'one hundred and twenty-one and a half years, eight 
years; then one hundrM and five and a Imlf years 
again, and so on. Tlic dates of the last six transits and 
the two next to come arc ns follows: 


1031, December 7, 
1639, December 4, 
1701, June 5, 
1709, June 3, 


1874, December 9, 
1882, December 6, 
2004, June 8, 
2012, June 6. 


Few persons now living are likely to see tins phe- 
nomenon, ns the next transit docs not occur until 2004. 
Yet, the time when Venus will appear upon the disk 
on June 8 of that year can now be predicted for any 
point on the earth’s surface, mlhin a minute or two.^ 
The interest which has attached to these transits 
during the past century arose from the fact that they 
were supposed to afford the best method of determin- 
ing the distance of the sun from tlie earth. This fact 
and the rarity of the phenomenon led to the Inst four 
transits being observed on n large scale. In 1761, and 
again in 1769, the leading maritime nations sent ob- 
servers to various parts of the world to note the exact 
time at which the planet entered upon and left the 
sun’s disk. In 1874 and 1882, expeditions were fitted 
up on a large scale by the United States, Great Bri- 
tain, Prance, and Germany. On the first of these oc- 
casions American parties occupied stations in China, 
Japan, and eastern Siberia on the north, and in Aus- 
traha. New Zealand, Chatham Island, and Kerguelen 
Island in the south. In 1882, it was not necessary to 
send out so many expe^tions, because the transit was 
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Tlie difference of n tnonlh or so in the interval be- 
tween oppositions IS due to the great ccecnlncilj of 
tlic orbit, which is larger tlmn that of any other major 
planet except Mercury and Fluto Its \alue is 0 093, 
or nearly one tenth Hence, when in perihelion, it is 
ncarlj one tenth nearer llic sun tlian its mean distance, 
and wlicn in aphelion nearly one tenth fnrllicr Its dis- 
tance from the earth at opposition will be different by 
the same amount, measured in miles, and hcncc in a 
mucli larger proportion to tlic distance itself If oppo- 
sition occurs when the planet is near perihelion, the 
distance from earth may be ns small as thirty flic mil- 
lion miles, hut if near the nplichon, more than sixtv 
million miles The result is that, at a favorable opposi 
tion, which can occur only in* August or September, 
tlie planet v. lU appear more than throe limes as bright 
os at an unfavorable opposition, occurring in Febru- 
ary or hlardi raiorable oppositions occurred, for 
example, in 1877, 1892, 1909, and 1924, and tbe most 
recent one was in 1939 

Mars, when near opposition, is cosily recognized by 
its brilliancy, and by the reddish color of its light, 
which IS scry different from that of most of the bright 
stars It IS cunous that a telescopic new of the planet 
docs not gise so strong an impression of red bght os 
docs the naked eye new 


THE smiFACE AND nOTATIOV OP MAKS 

Huygens, about 1C59, was the first one to recognize 
the vanegated character of tlie surface of Mars as it 
appears m the telescope, and to make a drawing of 
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THE PEASET JIARS 

Much interest lins m recent 3 cars been conccntraletl 
on llie planet Mars Its resemblance to our earth, its 
canals, climate, snoufall, and other remarkable fca 
tores ha\e all tended to interest us m its possible in 
habitants At the risk of disappointing those readers 
Mho Mould like to sec certain proof that our neighbor 
ing M-orld IS peopled Milh rational beings, I shall cn 
dcn\or to set forth -nhat is actually knoMU on the 

Bubjecl. ... 11 1 A. 

Wc begin inth some parUculars which will be use- 
ful m recognizing the planet Its period of rc\olu ion 
IS SIX hundred and eighty sc%cn da38, or fort) t 
days less than two 3 cars If the period were exactly 
two years, Mars would make one revolution while ® 
earth made two, and wc should sec the planet in oppO“ 
sition at regular intervals of two years But, as 1 
moves a little faster than tins, the earth requires from 
one to two months to catch up with it, so that the oppo 
sitions occur at intervals of two 3 cars and one or wo 
months Tins excess of one or two montlis makes up a 
whole year after eight oppositions, ^ ° 

intervals of fifteen or seventeen Tears, Mars wi * 
opposition at the same time of the year, and near 
same point of its orbit In this period the cart * 
liave made fifteen or seventeen revolutions and a 
eight or nme 

V£Q 
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THE C\^ALS OF ItATlS 

In 1877, Schiopftrclli cincoxcrcd the so-called canals 
Thej consist of streaks passing from point to point 
on the planet, and sliglitly darker than tlie general 
surface Seldom has more misapprehension been caused 
b 3 a mistranslation than in the present cose Schiapa 
relli called lliesc streaks canah^ an Italian word mean- 
ing channels He called them so because it tv as then 
supposed that the darker regions of the surface ncre 
oceans, and the streams connecting the oceans were 
dicrcforo supposed to be water, and so svere called 
channels But the translation “canaU” led to a wide- 
spread notion that these streaks were l)ic works of m- 
liabitanls, as canals on the cartli arc tlic works of men 
Tlicrc has been some disagreement betneen astro- 
nomical authorities on the subject of these channels 
Tins arises from tlie fact thattlicj ore not nell-delined 
features on an olhennse uniform surface Eierjwlierc 
on the planet arc found sanations of shade — light and 
dork patclics, so famt and ill defined that it is gener 
nllj difficult to assign exact form and outline to tliem, 
running into each other bj insensible gradations The 
extreme difficulty of making them out at all, and the 
^a^lcly of aspects they present under different illumi 
nations and m different stales of our atmosphere, lias 
resulted m a great snnetj of delineations of these 
objects Drawings made by the obscr\cr3 at the Lowell 
Obsenatorj shon the channels os fine dark lines, so 
numerous os to form a network coloring the greater 
part of the surface of the planet In SchmparclJi’s 
map they arc rather broad faint bands, not nearly so 
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the appearance \^luch H presented. The features ^hich 
he delineated can be rccognired and identified to this 
day. By ^valching them il is ens^' to see that the planet 
rotates on its axis in n little more than one of our days 
(24h. 37m.). 

This period of rotation is more accurately deter- 
mined than the rotation period of onj* other planet 
except the earth. For two hundred 3 cars Alars lias 
rotated at cxactl}* this rate, and there is no reason to 
suppose that the period nill change appreciably. The 
close approncli to one of our da 3 ’s, the excess being 
only thirly-sc\en minutes, leads to the result that, on 
Bucccssi\c nights, IMnrs will, at‘tlic same hour, present 
nearly the same face to the earth. But, owing to the 
excess, it will always be a little farther behind on any 
one night than on the night before, so that, at the end 
of forty days, wo shall base seen every part of the 
planet that is presented to the earth 

All that was hnown of the surface of Mars up to a 
quite recent period could be embodied in a mop of the 
planet, showing the bright and dark regions, and m 
the fact that a white cap would be generally seen to 
surround each of its poles. When a pole was incline 
toward us, and therefore toward the sun, this cap 
gradually grew smaller, enlarging again wlicn the pole 
was turned from the sun. In the latter case it woul 
he invisible from the earth, so that the growth coul 
bo recognized only by its larger size when it 
came into sight. These caps were naturally supposea 
to be snow and ice which formed around the poles dur- 
ing the Martian winter and partly or wholly melte 
away during the summer. 
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many aslronoraers. The Martian equator is inclined 
SSVa* orbit. Its poles, like those of t!\e earth, are 
turned alternately toward and away from tlie sun. 
Thus the planet has seasons resembling ours, althougli 
its different seasons arc about t^nce ns long as ours 
because, its year is almost twice as long. 

As the spring season advances in one of the Alartian 
hemispheres, the white polar cap shrinks, and the dark 
markings in that hemisphere become more conspicuous 
and greener. As the summer season progresses and the 
polar cap entirely or almost disappears, the dark 
markings fade noticeably and turn brown. The most 
plausible interpretation of these seasonal changes 
which has yet been suggested is that they are tlie 
effects of vegetation which flourishes in the Martian 
spHng season and dies down with the approach of 
autunm. 

Recent pliotograplis of Mars, particularly at the 
Lowell and Lick observatories, through filters of 
various colors, emphasize details of its surface and 
atmosphere. Photographed in ultra-violet light, the 
surface raarkings^the large green spots and some of 
the canals — show very clearly. We recall that with tlie 
same procedure photographs of Venus reveal nothing 
but a blank disk, and wc conclude that the Martian 
atmosphere must be tlie more transparent. The ultra- 
violet photographs of Mars, on the other hand, show, 
as we should expect, very little surface detail. They 
are pictures of its atmosphere, and they sometimes 
reveal clouds, or at least something resembling the 
clouds on the earth. 

Tlie really surprising feature is that the wliite polar 
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could be melted in the course of the sumXer By fa* 
the larger proportion of the sunlight must be reflected 
from the wlute snoir, wluch is also kept cool by the 
intense radiation into perfectly cold spate We there 
fore conclude that the amount of snow that can fall 
and melt around the polar regions of Mars must be 
very small, being probably measured by inches at the 
outside 

As the thinnest fall of snow would suffice to produce 


a ivlute surface, this does not prove that the caps are 
not snow But it seems more liLely that the appearance 
IS produced by the simple condensation of aqueous 
>apor upon the intensely cold surface, producing an 
appearance similar to that of hoarfrost, wluch is only 
fjn/ui dew This seems to me the most plausible ex 
phiniilinn of the polar caps It has also been suggested 
0ml Iho caps may be due to the condensation of car 


liotuc atid We can only say of this, tliat tlie theoryj 
\\lnlc not impossible, seems to lack probability 

'lUcu ajipcars to be life on the planet Mars A few 
\can ago this statement was commonly regarded as 
fnnlaslw it is commonly accepted We refer, 

hta'CS^^i to forms lescmblmg our \egctable life and 
, iiiUlhgeiit human life, for there is no endence 
\c the existence of such life on Mars The planet 

i\ir and iiatcr, although m very small quan 
^)WSCB ■>Mlh the earth, to be sure, and in the 

fjliCH con 1 above freezing at noon, although 

'*{ rccriog niost of the time en there and of 
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we observe Uic rather norrow dark streaks, the canals, 
whose original names lm\c sunned along witli those 
of the seas 

Tlie features which we ha%c lutherlo described do 
not belong to tlic two polar regions of the planet E^en 
when the snowcaps lia\c melted awaj, these regions 
arc seen so ohltquclj that it would be difficult to trace 
any well defined features upon them The interesting 
question is whether the caps which coscr them arc 
reallj snow which falls during the Martian winter and 
melts again when tlvc sun once more slimes on the polar 
regions To throw light on this question we ha^c to 
consider some recent results as to the atmosphere of 
the planet 


THE MAHTIAK SEASONS 

All recent observers arc agreed that the atmosphere 
of Mars is much rarer than our own, and contains less 
aqueous vapor This conclusion is reached from obscr 
vations with both the telescope and the spectroscope 
The most careful observations of the planet show that 
the features are rarely obscured by clouds in the Mar 
tian atmosphere 

Now snow can fall onlj through the condensation 
of aqueous vapor m the atmosphere It docs not there 
fore seem likely that much snow can fall on the polar 
regions of Mars 

Another consideration is that the power of the sun’s 
rays to melt snow is necessanij limited by the amount 
of heat that they convey In the polar regions of Mars 
the rays fall obhqucly, and even if all the heat con 
>eyed by them were absorbed, only a few feet of snow 
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well defined, nor so numerous, ns in LowelPs Sawings- 
'An interesting feature of the latter is that the 
where the channels cross each other are marked oy 
dark round spots like circular lakes. 

One of the best marked features of Mars is a large, 
dark, nearly circular spot, surrounded by white, wine 
is called Solis Locus, or the Lake of the Sun. o 
servers agree on this. They also agree in a consi era 
part ns to certain faint streaks or channels cjteno”® 
from this lake. But when we go farther we 6“ ‘ 
they do not agree completely as to the number of these 
channels, nor is there an exact agreement as o 
surrounding features. Another conspicuous marJong 
is the S»r(« Major, the triangular dark spot n 
sketched by Huygens. - 

There is no longer any doubt ns to the existcnc 
the canals of Mars. They have been observed by many 
astronomers, and have been photographed 
fully. In aU probability they are somewhat ’ 

and less regular and artificial in appearance, than tn y 
seemed to some of the earlier observers. We accept 
canals as natural features of the Martian landscap • 
The surface of Mars shows, therefore, markings 
great variety and interest. Of all the planets, 
the earth, its surface con be studied with the tclcscop 
to the best advantage. It presents a '’eddish oa 
ground which suggests barren, desert con * 
Against this background we see large blue-green sp j 
these were originally called “seas,” and their ®P 
watery names have survived, as >vith the lunar » 
tliough neither are now regarded as bodies o 
Joining the seas, and sometimes passing throng * 
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we observe the rather narrow dark streaks, the canals, 
whose original names have survived along with those 
of the seas. 

The features which we have hitherto described do 
not belong to t!m two polar regions of the planet. Even 
when the snowcaps have incUed away, tlicse regions 
arc seen so obliquely that it would be difficult" to trace 
any well-defined features upon them. The interesting 
question is whether tlic caps which cover them are 
really snow which falls during the Martian winter and 
melts again when tlic sun once more slunes on the polar 
regions. To throw light on tliis question we have to 
consider some recent, results as to tlie atmosphere d 
the planet. 

THE SIARTIAN SEASOKS 

All recent observers ore agreed that the atmosphere 
of Mars is much rarer than our ot\ti, and contains less 
aqueous vapor. TIus conclusion is readied from obser- 
' vatxons vrith both the telescope and the spectroscope. 
The most careful observations of the planet show that 
the features arc rarely obscured by clouds in the Mar- 
tian atmosphere.' 

Now snow con fall only through the condensation 
of aqueous vapor in the atmosphere. It does not there- 
fore seem likely that much snow can fall on Die polar 
regions of Mars. 

. ' Another consideration is tlxat the power of the sun’s 
rays to melt snow is necessarily limited by the amount 
of heat that they convey. In tlie polar regions of Mars 
the rays fall obliquely, and even if all the heat con- 
veyed by them were absorbed, only a few feet of snow 
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could be melted in llic counc of the sumntor. By for 
the larger proportion of the sunlight must be reflected 
from the wliite snou*, ubich Is also kept cool by the 
intense radiation into perfectly cold space Wo flicre- 
forc conclude that the amount of snon that can fall 
and melt around the polar regions of Mars must be 
^e^y small, being probably measured by inclics at the 
outside. 

As Ibe thinnest fall of snow would snflicc to produce 
a white surface, this docs not pro\c that the caps are 
not 8no^^. But it seems more likely timt the appearance 
is produced bj, the simple condensation of aqueous 
sapor upon tlic intensely cold surface, producing an 
appearance similar to that of hoarfrost, which is only 
frozen dor. Tins seems to me tlie most plausible ex- 
planation of tlic polar caps It has also been suggested 
that the caps may he due to the condensation of car- 
bonic acid We can only say of tins, that the thcoryj 
nlnlc not impossible, seems to lack probability. 

Tlierc appears to be life on the planet Mars A few 
years ago this statement was commordj tregarded as 
fantastic. Non it is commonly accepted We refer, 
boMe\er, to forms resembling our %ogctnblo life and 
not to intelligent human life, for there is no cndcncc 
to pro\e the existence of such life on Mars The planet 
possesses air and water, althougli in ^c^y small quan- 
tities compared nilh the earth, to be sure; and in the 
tropics the surface is above freezing at noon, although 
far below freezing most of the time e^en there and of 
course all the time on the rest of the planet 

The new that Mars shows seasonal clianges, first 
expressed a few decades ago, is now concurred in by 
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manj oslroBomers The Martmn equator is inclined 
23^® to its orbit Its poles, like those of the earth, lire 
turned allerrately toward and away from the sun 
Thus the planet lias seasons resembling ours, altliough 
its different seasons are about twice as long ns ours 
because its year is almost twice as long 

As the spring season adinnces m one of the Alartian 
hemispheres, the white polar cap shnnks, and the dark 
markings in that liemisphcrc become more conspicuous 
and greener As the summer season progresses and the 
polar cap entirely or almost disappears, the dark 
markings fade noticeably and turn hroivn The most 
plausible interpretation of these seasonal changes 
nlucli has yet been suggested is that they arc the 
ciTccts of \cgctation which flourishes in the Martian 
spring season and dies down with the approach of 
autumn 

Recent photograplvs of Mars, parliculnrlj at the 
Lowell and Lick observatories, tlirough filters of 
various colors, emphasize details of its surface and 
atmosphere Photographed in ultra violet light, the 
surface markings — the large green spots and some of 
the canals — show i cry clearly We recall that with the 
same procedure photographs of Venus reieal nothing 
but a blank disk, and we conclude that the IVIartmn 
atmosphere must be the more transparent The ultra 
Molel photographs of Mars, on the other hand, show, 
as we should expect, very little surface detail They 
are pictures of its atmosphere, and they sometimes 
rcNcal clouds, or at least something resembbng the 
clouds on the earth 

The really surprising feature is that the white polar 
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caps arc indistinct in the infra red phol/graplis and 
conspicuous in those taken m ultra (nolct light 
Wright’s conclusion is that the ivlntc caps no see are 
not snow caps at all, but fog banks over the polar 
regions, although there maj be smaller caps of snow 
beneath them 


THE SATELLITES OF MAttS 

The two satellites of Mars were discovered b> Hall, 
at the Naial Obsenaloiy, in 1877 Thej had failed 
of preMous detection owing to tlicir extreme minute- 
ness It was not considered likclj that a satellite could 
be so small as these were found to be, and so no one 
had taken the trouble to make a careful search with 
any great telescope But, when once ilisco\ercd, they 
wore found to be by no means difScult objects Of 
course, the ease with which they can be seen depends 
on the position of Mars both in its orbit and with 
respect to the earth They are never visible except 
when the planet is near its opposition At each opposi- 
tion they may be observed for a period of tliree, four, 
or even six months, according to circumstances At 
an opposition near perihelion thej may be seen mth 
a telescope less than Iwdve inches in diameter, how 
small a one will show them depends on the skill of tlie 
observer, and the pains he takes to cut off the hghl of 
the planet from his eye Generally a telescope ranging 
from twelve to eighteen inches in diameter is necessarj 
The difficulty m seeing them arises enbrely from the 
glare of the planet Could this be eliminated, they 
could doubtless be seen with much smaller instruments 
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trtE GROUP or 3II&OR PLANETS 

The seeming gap in tlic 8o!nr system bctirecn the 
orbits of I^Iars and Jupiter naturally attracted the 
attention of astronomers as soon as the distances of 
the planets had been accuratclj laid down It became 
Tory striking when Bode announced his law There 
was a TOW of eight numbers in regular progression, and 
every number but one represented the distance of a 
planet That one place was vacant Was the vacanev 
real, or was it only because the planet which filled it 
was so small that it had escaped notice^ 

This question was settled by Fmjzi, an Italian as 
tronomer who had a little obscr\atory in Palermo m 
Sicily He was an ardent obsen er of the heavens and 
was engaged m making a catalogue of stars whose 
positions could be determined with his instrument On 
January 1, 1801, he inaugurated the new century by 
finding a star where none had existed before, and this 
star soon pro^ed to be tlie long looked for planet It 
received the name of Cerest the goddess of tlic wheat 
field 

It was a matter of surprise that the planet should b® 
Sfi small-, amiv-wbau. its. ochifc hRcama. tjjAwo. it. ^roicd 
to be very eccentric But new revelations were soon to 
come Before tlie new planet had completed a revolu 
tion after its discovery, Olfaers, a physician of Bre- 
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men, « ho employed Jiis leisure in astronomical ohsena- 
lions and researches, found another planet revolving m 
the same region Instead of one large planet there were 
tvio small ones. He suggested that these might be frag- 
ments of a shattered planet, and that, if so, more nould 
probabl} be found The latter part of the conjecture 
proved true 'Wilhm the next tlirec years tv40 more of 
these httic bodies were discovered, making four in all. 

Thus the matter remained for some fortj years 
Then, in 1845,* Hcncke, a German observer, found a 
fifth planet The year following a sixth was added, and 
then commenced the steady senes of discoveries which, 
proceeding year by year, have earned the number past* 
the thousand mark. 

nnvnsc asteroids 

Up to 1890 these bodies had been found by a few 
observers who devoted especial attention to the search 
and caught the liny stars as the hunter does game. 
They would laj traps, so to speak, bj mapping the 
many stars in some small region of the sky near the 
echplic, familiarize themselves with their arrangement, 
and then watch for an intruder Whenever one ap- 
peared, it was found to be one of the group of minor 
planets, and the hunter put jt into lus bag 

About 1890 the photographic art was found to offer 
a much easier and more effective means of finding these 
objects The astronomer would point lus telescope at 
thp sky, start the driving clock, and photograph the 
stars with a rather long exposure, perhaps half an 
hour, more or less The stars proper would be taken on 
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tlic negative as small round dob Dul if a planet hap- 
pened to be among them it would be m motion, and thu« 
its picture would be taken as a short line and not ns a 
dot Instead of scanning the heavens the ohser cr lind 
only to scan his photographic plate, a much easier task, 
because the planet could be recognized at once by ib 
trail In tins wa^* Max Wolf at Heidelberg hos dis- 
covered more than five hundred asteroids 

Most of the rccenlli discovered asteroids arc ^cry 
faint, yet tlic number seems to increase witK their faint- 
ness It 18 estimated that as man^ as one hundred thou 
sand are withm the reach of present telescopes Even 
the larger of these bodies arc so small tlmt the> appear 
only as star like points in ordinarj telescopes, and 
their disks are hard to make out even with the most 
powerful inslrumcnb Ceres, the largest asteroid, is 
480 miles in diameter About a dozen exceed a hundred 
miles The size of the sinallcst can be inferred only m ® 
rough way from tlicir brightness T hey may be twenty 
or thirty nulca in diameter 


ORDrrS OF TJIE ASTEROIDS 

The orbits of some of these bodies are very eccentric 
In the case of Hidalgo, the eccentricity is 0 65, which 
means that at penlndion it is two tliirds nearer the sun 
than lb mean distance, and at aphelion two thirds more 
distant At tlie greatest distance from the sun, tins 
asteroid is as gemote as the planet Saturn 

The large inclination of some of the orhib is also 
noteworthy In several cases it exceeds 20° , in tliat of 
H-dalgo it IS 43“ 
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Thp idea that these bodies might be fragments of 
a planet which had been shattered by some explosion is 
no^ abandoned. The orbits range through too ^vide a 
space c\cr to ha\c joined, os tliey would ha^e done if 
the asteroids had once formed a single body. In llie 
philosophy of our lime tlicsc bodies base been ns we see 
them since the hcginnitig. On the tlicory of the nebular 
hypothesis the matter of all the planets once formed 
rings of nebulous substance moving round the sun. In 
the case of all the other planets the material of these 
rings gradually gathered around tJie densest point of 
the ring, thus agglomerating into a single body. But 
it might he that the nng forming t)ie minor plonets did 
not collect in this way, but separated into innumerable 
fragments. 

According to the planetcsimal hypothesis of Cham- 
berUn and Moulton, the asteroids resulted from colli- 
sions of fewer small pieces than the larger planets. 
Some of them, therefore, did not ocquirc the nearly cir- 
cular and only slightly inclined orbits which mony col- 
lisions would be bkcly to produce. 


cnoupxvo OF Tiir oanirs 

There is a feature of the orbits of these bodies wliich 
may throw some light on the question of their origin. 
I have explained thot the planetary orbits are nearly 
circles, but that these circles arc not centered on the 
sun Now imagine that wc are looking down upon the 
solar system from an immense height, and suppose that 
file orbits ot fine minor planets are v^ible as finely 
drawn circles. These circles would appear to interlace 
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fttid cross cnch oUior like an intricate network, filling a 
broad ring of wlucli the outer diameter would be ncorlj 
or quite double t!io inner one 

Bui suppose we could pick nil lliosc circles up, ns if 
thci were made of wrire, and center them nil on tlie sun, 
without changing their sire lie dinmctcrs of the larger 
ones would bo double those of the smaller, so that the 
circles would fill a broad space, as shown in 1 igure 29 



Fia 29 Separation of the Minor Planeti info 
Groups 

Now, the curious fact is that they would not fill the 
whole space uniformly, but would bo collected into dis 
tinet groups These groups are shami tn Tigare 29, 
and, on a thfferent plan, and more completely, in Tig 
ure SO, which is arranged on a plan explained as fol 
lows Every^ planet performs its resolution in a certain 
number of days, which is greater the farther the planet 
IS from the sun Since the complete circumference of 
the orbit measures 1,296,000*’, it follows that if we di 
tide this number by the penod of revolution, the qno- 
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tienl ^11 show tlirough what angle, on the average, the 
planet moves along its orbit in one day. This angle is 
called tlie mean viotwn of the planet In the case of the 
minor planets it ranges from 400" to 
more than 1,000", being greater the 
shorter the period of revolution and the 
nearer the planet is to the sun. 

Now wc draw a vertical line and mark 
off on it values of the mean motion, 
from four hundred to one thousand sec- 
onds, differing by ten seconds Between 
each pair of marks we make as many 
points as there arc planets having mean 
motions between the limits For ex- 
ample, between 550 ' and 660 ' there are 
tliree dots Tins means that there are 
xlirce planets m the list selected having 
mean motions between 650' and 660'. 

There are also four planets between 
660" and 670 , and one between 570" 
and 680' Then there are no more till 
we pass 610 , when we find six planets 
between 610 and 620", followed by a 
multitude of others Fio 30 Pu- 

Examining the diagram we ore able tnbution of ike 
to distinguish five or six groups The 
outermost one is between 400" and 460 , ‘^neU 

and IS nearest to Jupiter The times of revolution are 
not far from eight years Then there is a wide gap 
extending to 560 , when we have a group of ten 
planets between 640" and 680" From this point down- 
wards the planets are more numerous, but we find very 
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spwse or empty points at 700", 750", and 900". Now 
the most singular feature of Uic case is that these empty 
spaces arc those in wluch the motion of a planet w ould 
have a simple relation to tlial of Jupiter A planet with 
a mean motion of 900" would mahe its circuit round the 
sun in one third the time that Jupiter docs , one of 600" 
in half the time, one of 750 in two fifths of the time 
It 13 a law of celestial mechanics that the orbits of 
planets having these simple relations to another un 
dergo great changes in the course of time from their 
action on each otlier It was therefore supposed by 
Kirhw ood, w ho first pointed out these gaps in the senes, 
that they arose because a planet wathin them could not 
beep its orbit permanently But it is curious that there 
ore no gaps, but, on the contrary, groups of planets 
where the mean motions are respectively two thirds of 
and equal to that of Jupiter 


THE ASTEROni EKOS 

One of these bodies is so exceptional as to attract our 
special attention All the hundreds of minor planets 
\nown up to 1898 moved between the orbits of Mars 
and Jupiter But in the summer of that year Witt, of 
Berlin, found a planet wluch, at perihelion, came far 
witlun the orbit of Mars — in fact, witlun fourteen mil 
hon miles of the orbit of tlie earth He named it Eros 
Tlie eccentricity of its orbit is so great tliat at aphebon 
the planet is considerably outside the orbit of Mars 
JArretmrr, ^iie two orbits, tfiat of tfie planet nmf 
INIars, pass through each oilier like two bnks of a chain, 
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50 that if Uic orbits were represented of m*re they would 
linng togelhcr- 

Oning to tije inchnabon of its orbit, this planet 
wanders far outside ttic limits of the zodiac. Wlicn near 
the eartli, in 1900, it was for a time so far north tlial it 
never set in our middle latitudes, and passed tlic me- 
ridian north of the zenith. Tins peculiarity of its 
motion was doubtless one reason why it was not found 
sooner. During its near npproacli in tile winter of 
1900-’01, Eros was closely' scrutinized and found to 
%ary in brightness from hour to hour. Careful observa- 
tion has shown that these changes occur in a regular 
period of five and a quarter hours It has been sup- 
posed by some tliat this oslcnod is really made up of 
two bodies revolving round each other — perhaps nctu- 
ally joined into one ' But it seems more likely that the 
variations of light arc caused by the presence of light 
and dark regions on the surface of the little planet, 
wIucK therefore change in brightness according as 
bright or dark regions predominate on the surface of 
tlie hemisphere turned toward us The case is made 
perplexing by the gradual disappearance of the varia- 
tions, at times 

Variations of light which might be due to a rotation 
on their axes have been suspected in the case of other 
asteroids besides Eros, but nothing has yet been settled 

Erom a scientific point of view Eros is most interest- 
ing because, coming so near the earth from time to time, 
its distance may be measured with great precision, and 
the distance of the sun, as well os the dimensions of the 
whole solar system, thus fixed with greater exactness 
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than by any other method. Unfortunately, the nearest 
approaches occur only at very long intervals. 

In 1900 Eros approached the earth Vrllhin about 
thirty millions of miles. On January 80, 1931, its dis- 
tance was^ only sixteen million miles, nhicb is closer 
than any other planet e\er comes to the earth, although 
this one may approach us still nearer, by more than 
tvro million miles. The next close approach of Eros will 
occur in 1976. 
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JUriTEn AI.D ITS SATELLITES 


Juprrai, the “giant planet,” is, nest the sun, the larg- 
est body of the solar system It is, m fact, more than 
three times as large and about three times as massne as 
all the other planets put together Yet, such is the pre 
pondcratmg mass of our centra! luminary that the mass 
of Jupiter IS less than one thousandth part that of the 
sun 

Near the tune of opposition winch occurs about a 
month later from year to year, this planet may easily 
be recognized m the evening sky, bj both its brightness 
and its color It is, then, next to Venus and occasionally 
Mars, the brightest star like object m the heavens It 
con easily be distinguished from Jlars by its whiter 
color If we look at it with a telescope of the smallest 
size, even with a good ordinary spyglass, we shall read 
ily see that instead of being a bright point, like a star, 
it IS a globe of very appreciable dimensions We shall 
also see what look like two shadowy belts crossing the 
disk. These were noticed and pictured two hundred 
years ago by Huygens As greater telescopic power was 
used, it was found that these seemmg belts resolved 
themselves into very vanegated cloud like forms, and 
that they vary, not only from month to month, but even 
from night to night By careful observation of the ap- 

ICB 
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pearance which they present from hour to hour, and 
from night to night, it was found that the 
tales on its axis in about 9 hours 56 minutes. Abe 
astronomer may therefore in the course of a single nign 
see every part of the surface of the planet presented to 
his view in succession. 

Two features presented by the planet will a o ^ 
strike the observer with the telescope. One of these is 
that the disk does not seem uniformly bright; it grauu- 
ally shades off near the hmb which, instead of being 
bright and hard, is somewhat soft and diffuse. I" 
respect the appearance forms quite a contrast to t 
presented by the moon or Mars. The shading off toward 
the edge is attributed to a dense atmosphere surround 

^he Mher feature to which w e allude is the 
'of the disk. Instead of being perfectly round, the plan 
is flattened at the poles, like our earth, but in a muen 
greater degree. The most careful observer, viewing tl 
earth from another planet, would see no deviation Iro 
the spherical form. The conspicuous flattening 
'Jupiter is owing to its rapid rotation on its axis, w 
causes its equatorial regions to bulge out. 


FUSIBLE SUIIFACE OF JUPITEU 

The features of Jupiter, ns we see them with a tele- 
scope, are almost as varied as those of the clouds 
we see in our atmosphere. There are common y 
gated strata of clouds, apparently due to c f _p 
cause that produces stratified clouds m our atxnosp » 



VISIBLE SURrACE OF JUPITER 


171 


namely, currents of air Among those clouds, round 
white spots arc frequently seen The clouds are some- 
limes of a rosy tinge, especially those near the equator. 
They arc darkest and most strongly marked jn middle 
latitudes, both north and south of the equatorial re- 
gions It IS this that produces the appearance of dark 
belts m a small telescope 

The appearance of Jupiter js, m almost every point, 
\ery different from that of Mars, the most strongly 
marked difference consisting in the entire absence of 
permanent features Maps of Mars may be constructed 
and their correctness tested bj observations generation 
after generation, but no such tlung as a permanent 
map of Jupiter is possible 

Notanthstanding this lack of permanence, features 
hai e been known to endure through a number of years 
The most remarkable of these was the great red spot, 
which appeared m middle latitudes, on the southern 
hemisphere of the planet, about the year 1878 For 
se\eral years it was a very distinct object about 30,000 
miles long, readily distinguished by its color After ten 
years it began to fade away, but not at a uniform rate *■ 
Sometimes it would seem to disappear entirely, then 
Would bnghten up once more These changes contin- 
ued but, since 1892, faintness or invisibility has been 
tlie rule If the spot finally disappeared, it was m so un 
certain a way that no exact date for the last observa- 
tion of it can be given Some observers report it to 
be visible from time to time A larger white spot un 
derlying it, first noticed a century ago, is still plainly 
iTSTirfe 
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CONSTITfTIOK OF Jorm'R 

T}»e question o( the constitution of this plnnet is still 
nn unscltlc<l one. There is no one liypolhcsis that read- 
ily explains all the facts. 

Perhaps the most remarkable feature of the planet is 
its small density. Jupiter's diameter is about cle\cn 
times that of the earth- It foHons llml, in volume, it 
must exceed the earth more tlmn thirteen hundrcfl 
times. Put its mass is only a little more than three hun- 
dred limes that of the earth. It follotrs from this that 
its densit}' is much less than that of tlic earth; as o 
matter of fact, it is only about one third greater than 
the density of n-atcr. A simple compulalfon shoirs that 
the force of grasily at its surface is Lclaccn two and 
three times that at the surface of the earth. Under this 
grasitation we might suppose its interior to be enor- 
mously compresswl and its density to be great in com- 
parison. Such would certainly be tlio case were it made 
up of solid or fluid matter of the same Und that com- 
poses the surface of the earth. From this fact alone the* 
conclusion would be that its outer portions at least are 
composed of aeriform matter. But how reconcile this 
form with tlie endurance of the red spot through so 
many years? TTiis is the real difficulty. 

Nevertheless, the hypothesis is one which we are 
forced to accept without great modification. Besides the 
evidence of an encompassing atmosphere, as shown by 
the constantly changing aspect of the planet, we hn>e 
another almost conclusive piece of evidence in tlie law 
of rotation. It is found tJiat Jupiter resembles the sun 
in that its equatorial region rotates in less time than^ 
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the regions north of middle lAtitudc, nltliough the cir- 
cuit they ha^e to make is longer. This is probably a lair 
of rotation of gaseous bodies in general. The difference 
in the lime of rotation at the equator and in middle 
latitudes is about 6ve minutes. That is to say, the equa- 
torial region rotates in nine hours fifty minutes and 
those in middle latitudes in nine hours fifty-five min- 
utes. This corresponds to a difference of velocity of tlie 
motion between the two amounting to about two hun- 
dred miles an hour; a seemingly impossible difference 
were the surface liquid. 

The idea that the planet can emit much light of its 
own seems to be negatived by the fact that t!ve satellites 
completely disappear when they pass into its shadow. 
We may therefore say with entire certainty that Jupi- 
ter does not gi\e enough light to enable us to Bee a 
satellite by tliat liglit alone. We can hardly suppose 
that tlus nould be the case if the satellite received one 
per cent as much light from the planet as it does from 
the sun. It is also found that the ligJit which Jupiter 
'sends out is somewhat less than that which it receives 
from the sun. Tliat is to say, all the light wliich it gives 
out, when estimated in quantity, may bo reflected light, 
without supposing the planet brighter than white bod- 
ies on the surface of the earth. Recent radiometric 
measurements give no indication of internal heat. 

The hypothesis which best lends itself to all tlie facts 
seems to be that the plonet has a solid, cold nucleus, 
whose density may be comparable with that of the earth 
or any other solid planet, and that the small average 
'Jensity of the entire mass is due to the extensile atmos- 
phere which surrounds this nucleus. 
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THE SATEIiEITES OF JUPITER 

When Gahleo first turned his httle telescope on the 
planet Jupiter he was dehghted and 

accompanied by four minute compamons Watclnng 
them from night to night, he found them to be i 
olution around their central body as, upon «■= « I 
not fully accepted in Ids time, the planets 
around L sun. This^remarhable ^ 

solar system was a strong point m favor of tli P 

nican theory. ^ ^„„lnes or 

These bodies can he seen with a common spyg 
even a good opera glass. It has ei en been 
Tood eyes soLtimes see them without ophe“l ^ 
ance. They are certainly ns bright as the sma t ^ 
visible to the naked eye, yet the glare “f « J 
would seem to be an insuperable obstacle to th 
bility, even to the keenest vision. Vnrooa, 

Although they have received the names 1°. ^ ^ j 
Ganymede, and Calhslo, these four bright 
Jupiter are known more often by numbers m 
‘their distances from the planet The “““<1 “'utUe 
shghUy smaller Hian our moon, and the ^ 
larger. The third and fourth satellites, 3^00 
diameter, are BO per cent larger than tlm "icon 
are the largest satellites in the solar ^ ,jis. 

even than the planet Mercury. But because 
tance from the sun is five times the I,tncs3 

all four combined shine upon Jupiter vnlli a or g 
less than a third that of full moonhgh on i 
Just ns the moon turns one face always tow 
earth, each of Uicse satellites turns tlie same 1 
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sphere loisard Jupilcr. In other nords, tliej rotate and 
rc^olTC in the same periods of time 

Only four satellites trere known until 1892; then 
Barnard, at the Lick Ob^matory, di5CO\cred a fifth, 
much nearer the planet and much fainter than tlie four 
others It makes a rc\otution in a little less than twehc 
hours, the shortest period of rciolution knonn except 
that of the inner satellite of Mors Yet it is a lillle 
longer than the rotation period of the planet The next 
outer one, or the mnerroost of the four prenously 
known, still called the first satellite, ^e^oUc5 m about 
one day eighteen and a half hours, while the outermost 
of the four bright satellites requires nearly scicntccn 
days to perform its circuit 

The Sixth and se\cnth satellites of Jupiter were dis- 
covered by Pemne at the Lick Observatory, in 1904 
and 1905 At nearly the, same mean distoncc of more 
than seven million miles from the planet, their periods 
of revolution are between eight and nine monijis StiU 
another and more distant pair were discovered a httle 
later, increasing the number to nine The eighth satel- 
lite was discovered in 1908, by Jlelotte at the Green- 
wich Observatory, the ninth in 1914, by Nicholson at 
the Lick Observatory Their distances from tlie planet 
van from fifteen to twenty million miles, and their 
period, of revolution exceed two i/ears In addition to 
being the most distant from their primary of all satel 
htes in the solar system, they are unhke the great ma- 
jority of the members of our system in that they re- 
volve from east to west 

All four outer satellites have more eccentric orbits 
than the inner ones They are very small, havang dia- 
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meters of a hundred mdcSf or even considerably less, 
so that they arc %'isiblc only with large telescopes. It is 
suggested that their origin u’ns (Efferent from tliat of 
flic inner satellites. Some astronomers ha\e supposed 
that they may be captured asteroids. 

During their course around the planet the four 
bright satellites present many interesting phenomena, 
which can be obsoracd with a moderate sized telescope.' 
These are their ecUpscs and transits. Of course, Jupi- 
ter, like any other opaque body, casts a siiadow. As tlie 
salelUtes make their round they nearly always pass 
through the shadow during that part of their course 
which is beyond the plancL Exceptions sometimes oc- 
cur in tlwj case of the fourth and most distant satellite, 
which may pass nbo\e or below the shadow, as our moon 
passes above or below the shadow of the earth When a 
satelhte enters the shadow, it fades away gradually, 
and finally disappears from sight altogether. 

For the same reason the satellites generally pass 
across the disk of the planet in that part of their course 
which lies on this side of it. The general rule is that, 
when a satellite 1ms impinged on the planet, it looks 
brighter than the latter, omng to the darkness of the 
planet’s brab But, as it approaches tlie central regions, 
it may look darker than the background of the planet 
Of course, this docs not anse from any cliange in the 
brightness of the satellite, but only from the fact, al- 
ready mentioned, tliat the planet is brighter in its cen- 
tral regions than at its hmb 

Equally interesting is the shadow of a salelble which, 
under such circumstances, may often be seen upon the 
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plonet, looVing like a black dot crossing alongside llie 
satclblc ibclf. 

Tlic pbenoniena of Jupiter's salcHilcs, including 
Ihcir transits and tliosc of tbeir shadons, are all pre- 
dicted m the nautical almanacs, so tliat an obscr\cr can 
alwaj s kno^ when to look for on eclipse or transit 
The eclipses of the inner of the four older satellites 
occur at intcnals of less than tao da^s Rj noting their 
times, an observer in unknown regions of the earth can 
determine his longitude He has first to determine the 
error of his watch on local time by certain simple astro- 
nomical observations, quite faraihor to astronomers' 
and navigators He then observes the local time ot 
which an eclipse of the satellite takes place He com- 
pares this with the predicted Greenwich time which can 
be found from the data in the almanac The difTcrence 
gives Ins longitude according to the system set forth in 
our chapter on Time and Ix>Dgi(udc 

But Ihu mctliod is not very accurate Observations 
of the tunc of such an eclipse arc doubtful to a large 
fraction of a minute, or of fifteen miles at the equator. 



SATURN AND ITS SYSTEM 

Among the planets, Saturn is next to Jupiter in size 
and mass. It performs its revolution round the sun in 
twenty-nine and n half years. When the planet is visible 
tlie casual observer ^vill generally be able to recognize 
it without difficultj* by lU slightly reddish tint, and by 
the steadiness of its light when the neighboring stars 
are twinkling. 

j Although Saturn is far from being as bright os Jupi- 
ter, its rings make it the most magnificent object in the 
solar system. There is nothing else like them in the 
heavens, and it is not surprising that they, were an 
enigma to the early observers with the telescope. To 
Galileo they first appeared os two handles to the planet. 
After a year or two they disappeared from liis view. We 
now know that this occurred because, owing to the mo- 
tion of the planet in its orbit, they were seen edge-on, 
and are then invisible in a telescope* because tlicy ore 
so thin. But the disappearance was a source of great 
embarrassment to the Tuscan philosopher, who is said 
to have feaired that he had been the rictim of some 
illusion, and he therefore ceased to observe Saturn. 
He was then growing old, and left to others the task of 
continuing Ids observations. Soon the haodles reap- 
peared, but tliere was no way of ^learning what they 
in 
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SATELLITES OF SATURN 

were. After more than forty years the riddle was solved 
by Huygens, the great Dutch astronomer and physi- 
cist, who announced llmt the planet is surrounded by a 
thin plane ring, nowhere touching it, and inclined to 
the ecliptic. . . 


SATELtlTES OF BATUItN 

Besides^ the rings, Saturn is surrounded by a retinue 
of nine satellites, sharing with Jupiter the distinction 
of having the greatest number. The existence of a 
tenth has been suspected, but awaits confirmation. 
They are very unequal in size and distance from the 
planet. One, Titan, may be seen with a small telescope ; 
the faintest are risible only in very powerful ones. 

Titan was discovered by Huygens just as he had 
made out the true nature of the rings. And hereby 
hangs a little tale wliich has come out through the pub- 
lication of Huygeus’s correspondence. Following a 
practice of the time, the astronomer sought to secure 
priority for his discovery without making it known, by 
concealing it in an anagram, a collection of letters 
which, when properly arranged, would inform the 
reader that the companion of Saturn makes its revolu- 
tion in fifteen days. A copy of this was sent to Wallis, 
the celebrated Engh'sh mathematician. In his reply the 
latter thanked Huygens for his attention and said he 
also had something to say, and gave a collection of let- 
ters longer than that of Huygens, When the latter in- 
terpreted his anagram to 'Wallis, he was surprised to 
receive in reply a solution of the Wallis anagram an- 
nouncing the very same discoTCry, but, of course, in 
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yas long supposed to be a separate and distinct ring 
But careful observation shows that such is not the case 
riic crape ring joins onto the ring outside of it, and 
the latter merely fades away into the other 
The rings of Saturn are incbncd about twenfy-seven 
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degrees to the plane of its orbit, and they beep the 
same direction m space as the planet revolves round the 
sun Tiie effect of this will be seen in Figure 32, which 
shows the orbit of the planet round the sun in pcrspec- 
ti\e When the planet is at A the sun shines on the north 
(upper) side of the nng Seven years later, when the 
planet is at B, the nng is presented to the sun edge- 
wise. After the planet passes B, the sun shines on the 
south (lower) side at an incbnahon winch continually 
increases till the planet reaches C, wlien the inclination 
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is, wc tnaj understand their appearance to us The 
nngs are alivajs seen \ery oWjquelj , nc^cr at a greater 
angle than twenty sc\en degrees The general outline 
presented by the planet and rings is that seen in Tig- 
ure 35 The best \iews arc obtained when the rings are 
at a considerable angle The divisions and the crape 
nng arc then seen to best adsantage The shadow of 
the globe of the planet on the ring appears as a dark 
notch A dark line crossing the planet like a border to 
the inner nng is the shadow of the nng on the planet 


l^ATUnC OP THE niNCS 

When it became accepted that the laws of mechanics, 
as we learn them on the earth, go\crn the motions of the 



heavenly bodies, another riddle was presented by the 
rings of Saturn What keeps the rings in place? What 
keeps the planet from running against the inner nng 
and producing, to modify Addison’s verse, a “wreck of 
matter and crash of worlds” that would lay the whole 
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IS at its greatest, twent3 sc\cn degrees Then the tilt 
of the rings with respect to the sun’s direction, dimin- 
ishes as the planet passes to D, at which point the edge 
of tile ring is again presented to the sun Prom this 
point to A and B the sun ag&in shines on the nortli 
side 

The earth i® so near the sun in comparison with 
Saturn that the rings appear to tis nearlj as tliej would 



Fio 82 Shomn^ hoxo the Dtreeiion of the Plane 
of Satarn’t Singt Bemaint Unchanged at the 
Planet Moves round the Sun 

to an observer on the sun There is a period of fifteen 
years, during T\hich we see the north side of the rings, 
and at the middle of which we see them at the widest 
angle As tlie years advance, the angle grows narrower, 
and the rmgs are seen more and more edgewise till they 
close up into a mere line crossing the planet, or perhaps 
disappear entirely Then they open out again, to close 
up in another fifteen years A disappearance occurred 
in 1991 and another m 1936 

With this view of irhal the shape of the rings rcaJli 
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is, we may understand their appearance to us. The 
rings arc always seen very obliquely, nc\xr at a greater 
angle than lwcnty*scvcn degrees. The general outline 
presented by the planet and rings is that seen in Fig- 
ure 83. The best views are obtained when the rings arc 
at a considerable angle. The divisions and the crape 
ring are -then seen to best advantage. Tlie shadow of 
tlie globe of the planet on tlic ring appears os a dark 
notch. A dark line crossing the planet like a border to 
the inner ring is the shadow of the ring on the planet. 

JfATUHE OP THE lUNCS 

When it became accepted that the laws of mechanics, 
as we learn them on the earth, govern tlie motions of the 
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heavenly bodies, another riddle was presented by the 
rings of Saturn. What keeps the rings in place? What 
keeps the planet from running against the inner ring 
and producing, to mo^y Addison’s verse, a “wreck of 
matter and crash of worlds” that would lay the whole 
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beautiful structure iii ruins? Before observational evi- 
dence became available, it'nas understood that the rings 
cannot be continuous surfacesi ns tliey seem to be. They 
could not hold together under the great tidal force ex- 
erted by Saturn. Instead, they arc composed of many 
small bodies, revolving like little satellites around, the 
planet. This view had to be accepted, but 'Ras long 
without observational proof, until it was brought out 
by Keeler witli the spectroscope. He found that when 
the light of tlic rings is spread out into, a spectrum, the 
dark spectral lines are displaced in such a way as to 
show that different parts of the rings are revoh’ing 
round the planet at unequal angular speeds. At the 
outer edge the revolution is slowest ; the speed contin- 
ually increases toward the inner edge, and is every- 
where the same that a satellite would have if it revolved 
round the planet at tliat distance. 

SATELXITES OF SATCIIK 

In making kno^v^ liis discovery of the satellite Titan, 
Huygens congratulated himself that the solar system 
was now complete. There were now seven great bodies 
and seven small ones, the magic nnmber of each. But 
within the next thirty yeors Cassini exploded all tliis 
mysticism by discovering four more satellites of Saturn 
Then, after tJje lapse of a century, the great Herschel 
found yet two more. Einally, the eighth was found by 
Bond at the Harvard Observatory, In 1848, and the 
ninth by "W. H. Pickeringi in 1898. 

•, The following is a Kst of the nine satellites, with 
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iLcir distances from the planet, in miles, their periods 
of rc\olubon, and their discoverers 


No 


Duffoverfr 

o/ Dir- 
ccrcery 

Distance 

from 

Plane! 

Period 
of Revo^ 
luiion 

I 

Mimas 

Hersehcl 

j 

1789 

1 

115,000 1 

hI9 

2 

Enceledos 

Hersche) 

1789 

118,000 

] 0 

8 

Tethys 

Castmi 

1681 

163,000 

] 21 


Dioae 

Cassini 

1681 

231,000 

2 18 

5 

Uhea 

Caisim 

1672 ' 

327,000 

1 12 

6 1 

Tilan 

Heygens 

1655 

759 000 

15 23 

7 

Hyperion 

Bond 

1818 1 

920,000 

21 7 

8 

IspetQs 

Cassioi 

1671 1 

2,210,000 

79 8 

0 

Phoebe 

Pickering j 

1898 1 

8,031,000 

650 


Tlic most noVewortliy features of this list arc the wide 
range of distances amon^ the satellites, and the relation 
between the penods of rc\oIution of the four inner ones 
The fi^e inner ones seem to form a group by themscLes 
Then there is a gap exceeding in breadth the distance 
of the innermost of the five, when we have anotlier 
group of two, Titan and Hyperion Then there is a gap 
wider than the distance of Hyperion, outside of which 
comes lapetus, and finally Phoebe, nearly four times 
more remote 

An interesting relation among tlie periods is that the 
penod of the third satellite is almost exactly twice that 
of the first, and that of the fourth almost twice that of 
the second Also, four penods of Titan are almost ex- 
actly equal to three of Hypenon 

The result of the relation last mentioned is a certain 
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very curious action of these two satellites on each 
other, through their mutual gravitation. To show tliis 
we give a diagram of the orbits. That of HyperioHj the 
outer of the two, is very eccentric, ns will be seen by the 



Fio 34 Orbits of Titan and Hyperion, sho'onng 
, their relation 


figure. Suppose the satelbles to be in conjunction at a 
certain moment; Titan, the inner and larger of the 
two at a point A, Hyperion at the point a just outside. 
At the end of sixty-five days Titan will have made three 
rerolulions and Hyperion four, which will bring them 
again into conjunction at Tery nearly, but not exactly, 
the same point. Titan will have reached the point B, 
and Hyperion, b. At a third conjunction the two will be 
a httle above the line Bb, and bo on. Really the con- 
junctions occur closer together than we have been able 
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to clraTp Uicm in Figure 34. In Uie course of nineteen 
years the point of conjunction will hn\e slonly mo\cd 
all round Uic circle, and tlic satellites mil again be in 
conjunction at A. 

Now the effect of tlus glow motion of the conjunction- 
point round the circle is that the orbit of Hyperion, or, 
more exactly, its longer axis, is carried round with the 
conjunction-point, so that the conjunctions always oc- 
cur where the distance between the two orbits is great- 
est. The dotted line shows how the orbit of Hj’pcrion 
is thus carried halfway round in nine years. 

An interesting feature of tliis action is tliat it is, so 
far as we know, unique, there being no case like it else- 
where in the solar system. But there may be something 
quite similar in the mutual action of tlic drst and third, 
and of the second and fourtli satellites of Saturn on 
each other. 

A yet more striking effect of the mutual attraction of 
tlic matter composing the rings and satellites is that, 
excepting the tao outer satellites, these bodies all keep 
exactly in the same plane The effect of the sun^s at- 
traction, if there were nothing to counteract it, would 
be tliat in a few thousand years the orbits of these bod- 
ies would be drawn around into different planes, all 
having, however, the same inclination to the plane of 
the orbit of Saturn. But, by their mutual attraction, 
the planes of the orbits arc all kept together as if they 
were sohdly attached to the planet. It xs noteworthy 
also that the outmost satellite re\olves around the 
planet {toiu east to west, like the two outer satellites of 
Jupiter. 
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PHYSICAL CONfiTlTUTIOH OP aATUJlH 

There is a remarkable resemblance bet^reen tlie physi- 
cal make-up of this planet and that of its neighbor 
Jupiter. They arc alike remarkable for their small den- 
sity, Saturn being e\ en less dense than water. Another 
point of likeness is the rapid rotation ; Saturn turns on 
its axis in 10 hours 14 minutes, a little more than the 
rotation period of Jupiter. The surface of the planet 
also seems to ho ^ ariegatcd witli cloud-like forms, simi- 
lar to those of Jupiter, but fainter, so that they cannot 
be seen with equal disbnctness. • ' 

What has been said of the probable cause of the small 
density of Jupiter applies equally to Saturn. The 
probability is that the planet has a cotnparatively small 
but mas8i\e nucleus, surrounded by an immense atmos- 
phere, and that what we see is only the outer surface of 
the atmosphere. 



Mir 

UHAKUS AND ITS SATTIDITrS 


Urasds « tljc se\cnlh of the major planets m the orilcr 
of distance from the sun It is commonly considered a 
telescopic planet; hut one hann^j good cjesiglit can 
easilj see Uranus without artificial help, if lie only 
knows exactly where to look for it, so ns to distinguish 
it from the numerous small stars lianng tlic some ap- 
pearance 

Uranus was discovered m 1781 by William Her 
schcl, who at first supposed it to he the nucleus of a 
comet But its motion soon shoacd that this could not 
be the ease, and before long the discoverer found that it 
was a new addition to the solar sjstem In gratitude to 
his roval benefactor, George III, be proposed to call 
tlie planet Georgian Stdtu, a name which was continued 
in England for some seventy jears Some continental 
astronomers proposed that it should he called after its 
discoverer, and the name Herschel was often assigned 
to it But by 1850, the name Uranusj originally pro- 
posed by Bode, became universal 

When the orbit of the planet was determined, so that 
its course in former years could be mapped out, tlie 
fact was brought to light that it had been seen and 
recorded nearly a century before, as well as a few years 
previously Flamsteed, Astronomer Royal of England, 
while engaged m cataloguing the stars, had marked it 
18S 
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down as a star on fi\e occasions between 1690 and 1716 
What was yet more singular, Lcmonnier, at the Fans 
Observatory, had recorded it eight times in the course 
of two months, December, 1768, and January, 1769 
But he had never reduced and compared his observa- 
tions, and not tiJ Herschel announced the planet did 
Lemonnier know how great a prize had lam for ten 
years within his grasp 

The period of revolution of Uranus is eighty four 
years, so that its position in the sky changes but slowly 
from year to year 

The distance of Uranus is about twice that of Sa 
turn In astronomical units it is 19 2, an our familiar 
measures 1,782,000,000 miles 

Owing to this great distance, it is hard to see with 
certainty any features on its surface In a good tele- 
scope the planet appears as a pale disk' with a greenish 
hue Some observers have fancied that they saw faintly 
marked features on its surface Observations with tlie 
spectroscope show that Uranus rotates on its axis once 
in 10 8 hours, in the same direction as that in which 
the satelhtes revolve 


THE SATEnUTES OF iniANUS 

There are four of these bodies moving round Uranus 
The tv o buter ones can be seen in a telescope of twelve 
inches aperture or more, the inner ones only in the most 
powerful telescopes They are named Ariel, Umbnel, 
Tilania, and Oberon, m order of tlieir distances from 
the planet, which range from 119,000 to S6i,000 miles 
The history of these bodies is somewhat peculior Be- 
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sides the two bngliter ones, Herschcl, before 1800, 
thought he caught glimpses from time to lime of four 
others, and thus it happened tliat for more than half a 
centurj Uranus was credited with six satellites This 
was because during all that lime no telescope was made 
which could claim superiority o%er Herscliers 
Then about 1845, LosscU, of England, undertook the 
making of reflecting telescopes, and produced lus two 
great instruments, one of two, the other of four feet 
aperture The latter he aflcnvards took to the Island 
of Malta, in order to make observations under the fine 
skj of the Mediterranean Here he and his assistant 
entered upon a careful esaimnation of Uranus, and 
reached the conclusion that none of the additional said 
htes supposed by Herschel had any existence But, on 
the other hand, two new ones were found so near the 
planet that thej could not have been seen by any pre 
vious observer During the next twenty years these 
newly found bodies were looked for m \ain with the best 
telescopes then in use m Europe, and some astronomers 
professed to doubt Ihcir existence But in the winter of 
1873 they were found with tlic twenty six inch tele 
scope of the Naval Observatory, m Washington, which 
had just been completed, and were shown to move in 
exact accordance with the observations of Lassell 

The most remarkable feature of these bodies is that 
their orbits are nearly perpendicular to the orbit of the 
planet The result is that there are two opposite points 
of the latter orbit wliere tliat of the satellite is seen 
edgewise When Uranus is near either of these pomts, 
we, from the earth, see the satellites moving as if swing 
ing up and down in a north and south direction on each 
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side of the planet, like the bob of a pendulum. Then, ai 
the planet moves on, the apparent orbits slowly open 
out. At the end of twenty years we see them perpendic- 
ularly. They then seem to us almost circular, but ap- 
pear to close up again year after year as the planet 
moves on its course. The orbits were last seen edgewise 
in 1924!, and will be again so seen about 1946. 



IX 

>1 E P T U N 15 A 1. t» ITS SATELtlTr 


Neptl ne comes next m order of distance from llic sun 
In size and mass it is not >cr^ different from Uranus, 
but its greater distance, 30 astronomical units, instead 
of 10 2, makes it fainter and harder to sec It is far 
below the limit of >isibdit> to the noked c^c, but a 
moderate-sued telescope shows it, if one can distin 
guish it from the numerous stars of simdor brightness 
that stud the hcaicns 

Tlie disk of Neptune is to be made out on\j wiUi a 
telescope of considerable power It is then seen to be of 
n bluisli or leaden tint, perceptibly di/Tcrent from the 
seagreen of Uranus Since no markings can be discerned 
on tlic disk of this planet, nothing can be known by 
direct obscnation about its rotation on its axis Obscr 
\ations with the spectroscope show that the period of 
rotation is 15 8 hours 

The disco'cry of Neptune, in 1810, is regarded ns 
one of the most remarkable triumphs of matlicmatical 
astronomy Its existence was made known by its attrac 
tion on the planet Uranus before any other evidence 
had been brought out Tlielustorj of the circumstances 
leading to the discovery is so interesting that we shall 
bnefly mention its mam points 
* iw 



m TIIK PLANETS AND TIICIR SATELUTES 

irrsTonr of thc discovehv of ynprONs 

During tile first tT^cnty 3'car8 of the ninctcentii ecu* 
turj’, Eamnrd, of Paris, an eminent mathematical 
astronomer, prepared new tables of the motions of 
Jupiter, Saturn, and Uranus, then supposed to be the 
three outermost planets. He took the deviations of these 
planets, protluccd b^* their attraction on each other, 
from the calculations of Laplace. He succeeded fairly 
^rcll in fitting liis tables to the obsened motions of 
Jupiter and Saturn, but found that all liis efforts to 
make tables that would agree with the obscrNcd posi- 
tions of Uranus were fruitless. If he considered only 
the obserN alions made since the ^lisco^ cry by Hcrschcl, 
he could get along; but no agreement could be ob- 
tained «ith those made previouslj’ bj* Flamsteed and 
Lemonnier, when the planet was supposed to be a fixed 
star. So he rejected these old obscr%ations, fitted his 
orbit into tlie modem ones, and published his tables. 
But it was soon found that the planet began to move 
away from its calculated position, and astronomers be- 
gan to wonder iiliat was the matter. It was true that 
the dc^iatIon, measured by a naked eye standard, was 
very small; in fact, if there had been two planets, one 
in the real and one in tlie calculated position, the 
naked eye could not Imve distinguished them from a 
single star. But the telescope would liave shown them 
well separated. 

Thus the case stood until 1845. At that time it oc- 
curred to Levemer, in Paris, that the deviations were 
probably caused by the attraction of an unknown 
planet outside of Uranus. He proceeded to calculate in 
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whot orbit a planet should move to produce them, and 
laid Ills result before the Academy of Sciences in the 
summer of 1846. 

It happened lliat, before Leverrier commenced his 
work, an English student at llie University of Cam- 
bridge, Jolm C. Adams, had the same idea and set 
about the same work. He got the result even before 
Leverrier did, and communicated it to the Astronomer 
Royal. Both computers calculated tlie present position 
of the unknown planet, so that, were it possible to dis- 
tinguish it from a fixed star, it would only have been 
necessary to search in the region indicated in order to 
find the planet. Unfortunately, however. Airy was in- 
credulous as to the matter, and did not think the chance 
of finding the planet sufficient to go through tlie labori- 
ous operation of a search until his attention was at- 
tracted by the prediction of Leverrier, and the close 
agreement between the two computers was remarked. 

The problem of finding the planet was now taken up. 
Very thorough obseiwations were made upon the stars 
in the region by ChaUis at the Cambridge Observatory. 
1 must explain that, as it was not easy with the Imper- 
fect instruments of that time to distinguish so small a 
planet from the great number of fixed stars which 
studded the heavens around it, it was necessary to 
proceed by determining the position of as many stars 
as possible several times, in order that, by a compari- 
son of the ol»ervat5ons, it could be determined whether 
any of Ihena had moved out of its place. 

While ChaUis was engaged in this work, Leverrier 
wrote to Galle of the Berlin Observatory, giving him 
the predicted location of the planet among the stars. 
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Notr it ImiJpcnctl that the Berlin ostronaraers Imd just 
completed R mnjj of that part of llic sky in ^^hicIl llic 
planet Mos located. So, on the >cry cNcning after the 
letter was rccehcd, they took the map to the telescope 
and proceeded to search about to see if any object was 
seen in the telescope nluch i\as not on the map. Such 
an object was Ncry soon found, and, by comparing its 
position willi that of the stars around it, it seemed to 
have a slight motion. But Galle was very cautious and 
wailed for the discocry to be confirmed on the night 
following. Then it nas found to have moved so much 
that no doubt could remain, and he wrote Lcvcrrlcr 
tlmt the planet actually existed. ^ ‘ 

When tins news reached England, Cl>allis proceeded 
to examine Ids own observations, and found fimt he Iiad 
actually observed the planet on two occasions. Un- 
fortunately, Iio'ncvcr, he had not reduced ond compared 
his observations, and so failed to recognize the object 
until after it had been seen at Berlin, Astronomers hove 
honored both Lev errier ond Adams for the discovery of 
Neptune. 

THE SATEIXITT OF 

Of course' the newly found planet was observed by 
astronomers the world over. Basscll soon found that 
Neptune is accompanied by a single satellite some three 
tlvousand miles in djomclcr. 

Its distance from Neptune is 220,000 miles, almost 
the same as the moon’s distance from the earth ; but its 
period of revolution is only 6 days 21 hours, wluch 
shows tlial Neptune is seventeen times more massive 
than the earth 
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The salclbte re\oLc3 from cnsl to Treat in a nearly 
circular orbit Tvhich is inclined 20“ to Neptune’s equa- 
tor. In the course of nearlj' six hundred years, this 
orbit, keeping the same inclination, slides completely 
around toTcard llie east. Tliis regression is caused by 
the bulging of the planet’s equator. Obsenations of 
the speed of the regression Imic permitted the calcula- 
tion of the extent of the bulge of Neptune’s equator; 
it is loo small to be definitely detected in the tmj disk 
Trliich this remote planet sIiotts in tlie telescope. 

Bulging at the equator suggests rotation. The extent 
ofithc bulge, togctlicr with knoalcdge of the planet’s 
interior condition, gives cildcnce concerning the period 
of the rotation But in this ease t!\c spectroscope has 
given an easier solution. Trom i!ie slanting lines in 
Neptune’s spectrum, Moore, at tlic Lick Observatory, 
in 1928, derived the penod of the rotation ns 15 8 
hours ’The direction of rotation is from west to east. 



X 

P1.UTO 

Tjie discovery of Neptune, nlnch has just been de- 
scribed, did not close the problem of the apparent ims- 
» beliasior of Uranus ll\cn after Neptune’s attraction 
for Uranus had been taken into account, tlus planet 
did not keep faithfully to the new course assigned to 
it It is true that the differences between calculated 
and obsened positions were now much smaller— so 
small, in fact, as to make it questionable in the minds 
of many astronomers whether on unknown planet was 
to be held accountable for them The problem of dis- 
covering a new planet, if indeed it existed, was made 
very difficult by tlic minuteness of the discrepancies in 
the motion of Uranus, and by the certainty that a new 
planet would be a faint object even with the telescope 
Percival Xiowell, at his observptory in Arizona, was 
among those who worked on this problem Lowell colcu- 
latcd the orbit of a possible trons-Neptuiuan planet 
Then he and the other astronomers at the Lowell Ob- 
servatory undertook to find it with the telescope The 
search was photographic Plates were taken of the 
region of the sky in which the new planet was supposed 
to be A few days later, otlicr plates were taken of the 
same region and compared with the earlier ones, to 
ascertain whether any star had changed its position If 
so, it would not be a star at all, but a planet, and if 
fortune favored, it might be the planet sought, 

1«8 
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Mr Lowell died in 1916, but tlie search kept on 
There were many disappointments, because there are 
many asteroids — tiny planets revolving mostly between 
the orbits of Mars and Jupiter — objects which resem- 
ble stars, being distinguished from stars bj tlicir mo- 
tions As the search continued, moving objects were 
found on the plates, many of them , but time after time 
they proved to be asteroids and not the more remote 
planet for which the astronomers were looking In 
January, 1930, the photographs showed a movung 
object, and one moving slowly enough to be the planet 
beyond Neptune It was near the star Delta in the con 
stellahon Gemiiu Was it rcallj the planet sought, or 
was it simply another asteroid whose normally swift 
motion was arrested temporarily? Time would tell The 
object was watched eagerly night after night It did 
not speed up The search was over, and a new planet 
was discovered The discoverj was announced on March 
13, 1930, Clyde W Tombaugh being the discoverer 
Then followed a careful examination of old photo 
graphs of the skies for records of the new planet be 
fore its discovery Severn! were found, going back ns 
far as 1919 These valuable finds gave the information 
required for the calculation of tlie orbit of the planet- 
The period of revolution around the suu turned out to 
be 249 years, and the average distance from the sun 
39 6 times the carth^s distance 

On the average, the trnns Neptunian planet is 900 
milhon miles beyond Neptune But its orbit is so fai 
from circular — more so in fact tlian any other pnnci 
pal planet — ^that it cuts inside the orbit of Neptune 
Is there danger, then, of colhsion? None at all The 
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orbit of llio trims Ncpluinnn planet is inclined in sucli 
a wnj that, altliough it is at times farther airay tlian 
Neptune and at other times nearer the sun, the least 
possible distance of the t«ro planets is S40 million 
miles 

The name of the new planet is Pluto, winch was con- 
sidered appropriate in Ho respects The first Ho let- 



ters of the name, PL, arc the initials of Percival Low 
ell, founder of the I^well Observatory at Plagstaff, 
Arizona, where the discovery was made Also, Pluto 
Was said, by those who named the planet, to be the god 
of the outer darkness More authentically perhaps be 
Was god of the underworld, and it was not especially 
dark down there It might lui\e been belter, as an 
astronomer suggested recently, if the name Amphitrite 
had been adopted instead Amplutnte was Neptune’s 
wife Pluto could then have been reserved for another 
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planet still more remote, if there be one But it is a 
small matter 

Bui vrhat of the planet Pluto itself ^ In size and mass 
it resembles the earth more nearly than the giant plan 
els \?hich arc its nearer neighbors It appears as a j cl 
low star visible only in large telescopes The details of 
its surface and of its atmosphere are at present un 
known One tlung is certain The temperature must be 
lery low there — too low for life to exist From Pluto 
the sun would appear onl^ as a point of light, and its 
brightness would be only three hundred times greater 
than full moonbght with us Certainly it would not bo 
a pleasant place to li\e 

But now comes a most interesting part of the story 
No sooner did the study of photographs reveal the 
existence of a planet new to us, than astronomers be- 
gan to calculate its orbit and its size It proied to be 
very small, pcrliaps only one tenth the size of the earth 
W^as it then possible that its existence could cause all 
the variations in the motion of Uranus, as Mr Lowell 
had supposed? One could guess, but only careful cal 
eolations could gne a de6nite answer The largest 
amount of this v.ork ^as carried out by our foremost 
living authority on the subject, Prof Ernest W 
Brown, of Yale Unncrsity, and his studies give a 
definite answer He found the effect of Pluto on Uranus 
to be shght, so slight tliat, as he sajs, Pluto ‘could 
not ha\e been predicted bj calculations of its effect on 
Uranus such as those made by Lowell ’ 

Lowell’s calculations remain only of academic inter 
est What he did accomplish was through the use of 
his private fortune m founding and endowing an ob 



202 THL rL.VNETS A^D TIIETR SiTELLITES 

scrvfttory took part in the now general study of 

the heavens b} phologrnphj, and searched these photo 
grapJjs vntli spccjn) reference to finding a possible new 
planet Long after Ins death tins particular object 
was attained In consequence we know that one more 
major planet exists, and so tlic whole solar sjstem can 
be better understood Aic there any other planets be- 
yond Piulo? Perhaps so Only the future can tell 



XI 

THE SCALE OF THE SOLAlt SYSTEM 

l)iSTA^;cES in the l\eascns tany be deteTrained by a 
metliod similar to that employed by an engineer in de- 
termining the distance of an inaccessible object — say 
a mountain peak. Two points^ A and B, are taken ns a 
base line from which to measure the distance of a tliird 
point, C. Setting tip Ids instrument at A, the engineer 
measures the angle between B and C. Setting it up at 
B he measures the angle between A and C. Since the 
sum of the three angles of a triangle is always one 
hundred and eighty degrees, the angle at C is found 
by subtracting the sum of the angles at A and B from 
that quantity. It will readily be seen that the angle at 
C is that subtended by the base line as it would appear 
if \'iewed by an obser\er at C. Such an angle is, in a 
general way, called a parallax. It is the difference of 
direction of the point C as seen from the points A 
and B. 

It will readily be seen that, with a gi^en base line, 
the greater tlio distance of the object the less inll be its 
parallax. At a sufficiently great distance the latter will 
be so small that the observer cannot get any evidence 
of it. To all appearance the lines B C and A C ivill then 
have the same direction. The distance at ^\luch the 
parallax cannot be made out depends, of course, on the 
SOS 
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accurncy of the measurement and the length of the 
base lino 

The moon being the nearest of all the hca>cnly 
bodies has tlic largest parallax This angle is nearly 
one degree, taking as the base line the radius of the 
cartli at the equator Tlic moon’s distance can there- 
fore be dctcrminctl with the greatest precision by meas- 
urement. E\en riolemy, who lived only one or two 
centuries after Chnsf, vns able to make an approxi 
mate measure of the distance of the moon But the 



Flo Meoture of the Dttlanee of am Imoeee* 
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parallax of the sun or of a planet is so small tliat its 
determination requires more refined instruments 
The ends of the base line used m the determination 
may be any two points on the earth’s surface — say the 
observatories of Greenwich and the Cape of Good 
Hope In the case of the transits of Venus, which we 
have already described, there were a number of dif 
ferent stations at various points on the earth’s surface, 
from which the direction of Venus at the beginning 
and end of its transit could be inferred Tins method 
of determimng distances is called inarujulation 

The idea of a triangulation, ns thus set forth, gives 
an understanding only of the general principle in 
V oh ed in the problem Tlie actual determination of tJie, 



Mn.^.SUREME^T B\ JIOTIOX Or LIGHT 205 


parnllax requires a combinnhon of observations too 
complex to be described in the present booV, but Ibc 
fundamental principle is that just explained 

In order to get the dimensions of Hie vvhole solar 
sj stem, it IS onlj Tlecc^sft^v to know the distance of anj 
one planet from us at anj given moment The planet 
Jilars and tlie little asteroid Cros offer special advan 
tnges for determining the scale The orbits and mo 
lions of all llie planets are mapped down with tlic 
greatest possible exaefness, but with the map before 
us we arc in the position that one would be vrho had 
a Tcrj exact map of a couiitrj, only there was no scale 
of miles upon it So lie would be unable to measure 
the distance from one Ywint to another on lus map 
until he knew the scale It is the scolc of our map of 
the solar system which the astronomer stands m need 
of and which ho has not, even vritli tlic most refined 
instruments, yet been able to determine as accurately 
as he could wish 

The fundamental unit aimed at is that already de- 
scribed — the mean distance of the earth from the sun 
Measures of parallax arc bj no means the only method 
of determining this distance Within the post century 
other methods liave been developed, some of which are 
fullj as accurate as the best measures of parallax, per- 
haps even more so 


MEASUREMENT JJY THE MOTION OF EIOnT 

One of the most simple and striking of these methods 
makes use of tlie \clocilj of bghl By observations of 
the eclipses of Jupiter’s satellites, made when the earth 
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WAS ftl <li/Tercnt points of its orbit, it hns been found 
that light passes os or a distance equal to timt of tlic 
earth from the sun in about fi\c hundred seconds 
This determination has been made in another ivay hy 
the aberration of the stars This is a slight change m 
their directions due to the combined motion of the 
earth and the ray of light bj which we see the star 
It 13 found that light travels from tlie sun to the earth 
in 498 0 seconds It follows that if we can find how 
far hg)it will traiel in one second, we can determine 
the distance of the sun by multiplying the result by 
498 6 According to Michclson’s recent measurement, 
the ^eloclty of light is 180,284 miles in a second Mul 
tiplj this by 498 0 and we haic nearly 92,900,000 
miles for the distance of the sun from the earth 

MEASUnEMENT HY THE 80N*8 CrUTITATlOM 

A third method of determining the scale of tlie solar 
system rests on the measures of the sun’s gravitation 
upon the moon One effccl of tins js tliat, as the moon 
performs its monthly revolution round the earth, it is 
at its first quarter a little more than tw o minutes be- 
hind its average position, to which it catches up at 
full moon, and passes , so that at last quarter it is two 
minutes ahead of the mean position Toward new moon 
it falls behind again to the average place Thus a 
slight swing goes on in unison with the moon’s motion 
around tlie earth Tlie amount of this swing is in 
\ ersely proportional to the distance of the sun Hence, 
by measuring this amount, the distance may be deter- 
mined 
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Tlic fourth method also rests on grantallon. If W6 
only knew the exact relation between tlic mass of the 
earth and that of the sun; that is to say, if wc could 
determine precisely liow many times heavier tlic sun is 
than the earth, wc could compute at wliat distance tlic 
earth must be placed from Uie sun in order to revolve 
around it in one year. The only difiicuUy, therefore, is 
to weigh the earth against the sun. This is most exactly 
done bj* finding the change in the position of the orbit 
of Venus produced by the earth’s attraction. By com- 
paring the positions of the orbit of Venus by its 
transits in 17C1, 1769, 1874, and 1882, it is found 
that the orbit has a progressive motion, indicating that 
» the mass of the sun is 332,000 times tliat of the earth 
and moon conihincd. Thus wc are enabled to compute 
the distance of the sun by still anotlicr mctliod. 

RESDLTS or MEASURESfEXTS OT THE SUX’s 
DISTANCE 

These and other methods give for the sun’s geocen- 
tric parallax, that is to say, the change in the direction 
of its center at sunrise or sunset os viewed from the 
center of the earth and a point on the equator, slightly 
more than 8''.80. This displacement is much too small 
' to be detected with the unaided eye, but it is an angle 
large enough to be easily visible with the telescope. 
It follows that the earth viewed from the sun would 
appear as a point of light to the naked eye, and as a 
tiny disk with- the telescope. 

Knowing the sun’s parallax and the radius of the 
earth at the equator, it is a simple matter to calculate 
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the sun’s mean distance. The best vnlUe of this distance 
13 slightly loss than 02,900,000 miles. 

Expressed in miles, the sun’s distance from the cnrtJi 
seems enormous. Of course, it is \cry great. Expressed 
in terms of the speed of light or of radio transmission, 
the distance is only n Ulllc more tlinn eiglit minutes, 
irliile tlie distance of the nearest star exceeds four 
light-years. To an obsor\cr on the nearest star, tlie sun 
would appear as a star, and the cartli could not be 
discerned with our greatest lejcscope; and if it could 
be discerned, only t!»c largest telescopes could see the 
sun ond earth separately. The distance between these 
t^o bodies, wliicli seems so vast to us, would subtend 
an angle less than a second of arc. 

Tile mean distance from the earth to the sun is 
hnown as the “astronomical unit.” It provides tlie 
scale for our map of the solar system, by wluch we 
determine tlie distances of the other planets. More- 
over, it is the great base line for the measurement 
of the distances of the stars and other celestial objects 
wliich b‘e beyond tlie solar system. On tliis account 
astronomers have tried by every possible means to 
measure this distance very accurately. 



XU 

GRAVITATION AND THE W E X C HI N G OP 
THE PEA NETS 

We hate learned something of the orbits of the plan- 
ets round the sun; hut the following of the orbit is not 
the^fundamental law of the planet’s motion; the latter 
is determined by gravitation alone. The law of gravi- 
tation, as staled by Newton, is that every particle of 
matter in the universe attracts every other particle, 
with a force which varies inversely as the square of 
the distance between them. All the other processes of 
nature are in some way varied or modihed by heat and 
cold, by time or place, by the presence or absence of 
other bodies. But no operation that man has ever been 
able to perform on matter clianges its gravitation in 
the slightest. Two bodies gravitate by exactly the 
same amount, no matter what we do with them, no 
matter what obstacles wc interpose between them, no 
matter how fast they move. 

The motions of the planets are governed by their 
gravitation. Were there only a single planet moving 
round the sun it would be acted on by no force but the 
sun’s attraction. By purely mathematical calculation 
it is shown that such a planet would describe an ellipse, 
having the sun in one focus. It would keep going 
round and round in llus ellipse forever. But in ac- 
cordance with the law, the planets must gravitate to- 
rn 
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wards each other Tins mutual gravitation is far less 
tlian tliab toward the sun, because in our solar system 
the planets are of mucli smaller mass than the central 
body In consequence of this mutual attraction the 
planets deviate from the ellipse Their orbits are very 
nearly, but not eiactly, ellipses Still, the problem of 
their motion is one of pure mathematical demonstra 
tion It has occupied the abl«Kt mathematicians of the 
World Since the lime of Newton E\ery generation has 
studied and added to tlic work of the preceding one 
One hundred years after Newton, Laplace and La 
grange deriNcd more complete explanations of tlie 
changes ju form and posibon of the elliptical orbits of 
the planets These changes can be calculated tliou 
sands, tens of thousands, or even hundreds of tliou 
sands of years m advance Thus it is known that the 
eccentricity of the earOi’s orbit round the sun is now 
slightly diminishing, and that it will continue to 
dimimsh for about forty thousand years Then it will 
increase so that in the course of many thousands more 
of years it will be greater than it now is The same is 
true of all the planets Tlieir orbits gradually change 
their form back and forth through tens of thousands 
of years, like “great clocks of eternity wluch count off 
ages as ours count off seconds *’ The reader would be 
justi6ed in some increduhly as to tlie correctness of 
these predictions for thousands of years to come, were 
it not for the striking precision with which the motions 
of the planets are actually predicted for the present 
by the tiui.tX\c.tao.tical astionoTaer This precision, is 
reached by determining the effect of eacli planet on 
the motions of all tlie other planets We might predict 
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llie motions of these bodies bj assuming that eadi of 
them mo\es round the sun in n fixed ellipse, whicli, as 
I ha\c just said, would be tlic case if it were not 
attracted by any other bodj Our predictions would 
tlien, fiom time to time, be in error by amounts ahicli 
might amount to large fractions of a degree ; perhaps, 
m the course of a long lime, to even more 

Rut, taking account of tlic attraction of all the 
other planets, the prediction is so exact that tlie re- 
fined observations of astronomy hardly show any ap- 
preciable deviation The lustory of the discovery of 
Neptune, which was mentioned in the preceding chap 
ter, affords the most sinking example tliat we possess 
of the certainly of these predictions 

HOW THE PICKETS ARE WEIOJtED 

I shall now endeavor to give the reader some idea of 
the manner in which the mathematical astronomer 
reaches these results He must, of course, know the pull 
each planet exerts upon the others This is proper 
tional tp the tikm* of the attracting planet* This word 
is often taken to mean quantity of matter, and around 
us on the surface of the earth it has nearly the same 
meaning as the word weight We may therefore soy 
that, when t!ie astronomer determines the mass of a 
planet, he is weighing it He docs this on the same 
principle by which the butcher weighs a ham in the 
spring balance When the butcher picks the ham up he 
feels a pull .of the ham toward the earth When he 
hangs it on the hook, this pull is transferred from his 
hand to the spring of Eic balance The stronger the 



212 THE PLANETS AN© THEIR SATELLITES 

pull the farther tl\e spring is pulled down. What he 
reads on the scale is the strength of the pull. You 
know that this pull is simply the attraction of the 
earth on the ham. But, by a universal law of force, 
the ham attracts the earth exactly as much as the earth 
does the ham. So what the butcher really does is to find 
how much or how strongly the ham attracts the earth, 
and he calls that pull the weight of the ham. On the 
same principle, the astronomer finds the weight of a 
body by finding how strong is its attractive pull on 
some other body. 

In applying this principle to the heavenly bodies, 
we meet at once a difficulty that looks insurmountable. 
We cannot get up to the heavenly bodies to do our 
weighing. How then shall we measure their pulP I 
must begin the answer to this question by explaining 
more exactly the difference between the a-rig?!# of a 
body and its trims. The weight of objects is not the 
same all o^er tlie world; a tlung tv Inch weiglis tlurty 
pounds in New York would weigh an ounce more than 
thirty pounds in a spring balance in Greenland, and 
nearly an ounce less at llic equator. This is because 
the earth is not a perfect sphere, but a little flattened, 
and also because it is rotating. Thus weight varies witli 
the place. If a ham weighing thirty pounds were taken 
up to the moon and weighed there, the pull would only 
be five x>ound3, because the moon is so much smaller 
and lighter than the earth. But tlicre would be just ns 
much ham on the moon ns on the earth. There would 
be anolbcr weight on the planet Mars, and yet nnoUicr 
on the sun, wlicre it would weigli some c'lglit hundred 
pounds. Hence, the astronomer does not speak of the 
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freight of a planet, because that would depend on the 
place where it was weighed, but he speaks of the mass 
of Uie planet, which means how much planet tlicre is, 
no matter where you might weigh it. 

At the same lime we might, without nnj inexactness, 
agree that the mass of a hcaicnlj body should be 6xed 
b> the weight it would have at some place agreed upon, 
say New York As we could not even imagine a planet 
at New York, because it may be larger tlian the earth 
itself, what we are to imagine is tlus Suppose the 
planet could be divided into a great number of equal 
parts and one of these parts brought to New York 
and weighed We could easily find its weight in pounds 
or tons Then multiply this weight by the number of 
ports, and wc shall have a weight of the planet. This 
would be what tiic astronomers miglit take os the mass 
of the planet 

With these explanations, let us sec liow the weight 
of the earth is found The principle we apply is tliot 
round bodies of the same specific gravity attract small 
objects on their surface with a force proportional to 
the diameter of the attracting body For example, a 
body two feel in diameter attracts twice as strongly 
as one of a foot, one of tlireo feet three times as 
strongly, and so on Now, our earth is about forty 
roiUion feel m diameter , that is, ten million times four 
feet It follows that if we mode a little model of the 
earth four feet m diameter, iiaving the av crage specific 
gravity of the earth, it would attract a particle with 
one ten milhonth part of the attraction of the earth 
We have shown in our cliaptcr on the eaclh how the 
attraction of such a model has actually been measured, 
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with the result of sho^\ing thot the total mass of the 
earth is five and one half times tliat of an equal bulk 
of water. Tiius this mass become-’ a known quantity 
We come nov, to the planets I ha\e said that the 
mass or weight of a heavenly body is determined by its 
attraction on some other body There arc two wajs in 
wlucli the attraction of a planet may be measured One 
IS by its attraction on neighboring planets, causing 
them to deviate from the orbits in which they would 
move if left to tliemscUcs By measuring the devi 
aliens, ■^e can determine the amount of the pull, and 
lienee the mass of the planet 

The reader mil really understand tliat the mathe- 
matical processes necessary to get a result in this way 
must be very delicate and complicated A much simpler 
method can be used m the case of tliose planets which 
have satellites revolving round them, because the at- 
traction of the planet can tie determined by the motions 
of the satellite The first law of motion teaches us 
that a body in motion, if acted on bj no force, noil 
move m a straiglit line Hence, if we see a body mov- 
ing in a curve, we know that it is acted on by a force 
in the direction toward which the motion curves A 
familiar example is that of a stone thrown from the 
hand If the stone iiere not attracted by the earth it 
vould go on forever in the line of tlirow, and leave the 
earth entirely But under the attraction of the earth 
it is drawn down and donn, as it travels onward, until 
finally jt reaches tlie ground The faster tlje stone is 
thrown, of couree, the farther it will go, and tlie 
greater will be tlie sweep of the curve of its path If it 
•weie a rifle bullet, the first part of the curve would be 
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nearly a right line. If we could fire a projectile hori' 
zontallj* from the top of a high mountain \\ith a \cloc- 
ity of fi%e miles a second, and if it were not resisted 
by the air, the curvature of the path would be equal 
to that of the surface of our earth, and so the ball 
would never reach the earth, but would revolve round 
it like a little satellite in an orbit of its own. Could 
this be done the astronomer would be able, knowing 
the ^eloc^ty of the boll, to calculate the attraction of 
the earth. The moon is a satellite, moving like such a 
ball, and on observer on Mars would be able, by meas- 
uring the orbit of tlie moon, to determine the attrac- 
tion of the earth as well as wo detonnine it by octually 
observing the motion of falhng bodies around us. 

Thus it is that when a planet like Mars or Jupiter 
has satellites rcvolvang around it, astronomers on the 
earth can observe the attraction of the planet on its 
satellites and thus determine its moss. The rule for 
doing this is very simple. The cube of the distance be- 
tween the planet and satellite is divided by the square 
of the period of revolution. The quotient is a number 
which IS proportional to the mass of the planet. The 
rule apphes to the motion of the moon round the earth 
and of the planets round the sun. If we divide the cube 
of the earth’s distance from tlic sun, say ninety three 
millions of miles, by the square of three hundred and 
sixty-five and a quarter, the days in a year, we shall 
get a certain quotient l.et us call this number the sun- 
quotienl Then, if wc divide tlie cube of the moon’s 
^stance from the earth by the square of its time of 
revolution, we shall get another quotient, which we 
may call the earth-quotirat. The sun-quotient will 
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come out about three Imndrcd and tlurl3 thousand 
tunes as large as the carlh-^uotient Hence it is con- 
cluded that the mass of the sun is three hundred and 
thirty thousand times that of the earth , that it would 
take this number of earths to make a body as heai’y os 
the sun 

I gi\e tins calculation to illustrate the principle, it 
must not be supposed that the astronomer proceeds 
exactly in tlus way and has only this simple calculation 
to make In the case of the moon and earth, the motion 
and distance of the former \ary in consequence of the 
attraction of the sun, so that their actual distance 
apart is a changing quantity So what tlie astronomer 
actually does is to find the attraction of the earth by 
obser^ng the length of a pendulum which beats sec- 
onds in various latitudes Then by \ ery delicate malhe- 
matical processes he can find with great exactness what 
would be the time of revolution of a small satellite at 
any given distance from the eorth, and thus can get 
tlie earth-quotient 

But, as I ha>e already pointed out, we must, in the 
case of the planets, find the quotient in question by 
means of the satelhtes, and it happens, fortunately, 
that the motions of these bodies are much less changed 
by the attraction of the sun than is tlie motion of the 
moon Thus, when we make the computabon for the 
outer satellite of Mars, we find the quotient to be 
~ oT 5 0 0 0 sun-quotient Hence we con 

elude that the mass of Mors is 3 - 0 si 
sun By the corresponding quotient, the mass of 
Jupiter IS found to be about that of the sun, 

Saturn, , Uranus, , Neptune, 
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I lm>e set forth only the great principle on which 
the astronomer has proceeded for the purpose m ques- 
tion The law of gravitation is at the bottom of all his 
work The effects of this law require mathematical 
processes winch it has taken more than two hundred 
years to bring to their present state, and which are still 
far from perfect The measurement of the distance of 
a satellite is not a job to be done in an evening, it 
requires patient labor extending through months and 
jears, and then is not as exact as the astronomer 
would wish He docs the best he can and must be sat- 
isfied nilh Uie result until he can dense an improve- 
ment on his work, which he is always trying to do, 
with varying success 
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COMETS AND METEORS 



COMETS 

Comets differ from Uic hca\cnly bodies wln'clj we have 
hitherto studied in their peculiar aspects, their eccen- 
tric orbits, and Uie rarity of their appearance. Some 
mystery still surrounds tlie question of their constitu- 
tion, but this docs not detract from the interest of the 
phenomena which they present. A bright comet con- 
sists of three parts wltich, liowc>cr, arc not separate 
and distinct, but merge into each other. 

First wc have what, to the naked e^e, appears to be 
a star. Tins is coiled the nucictu of the comet. 

Surrounding the nucleus is a cloudy, nebulous mass, 
like a Uttic Luncli of fog, shading off \cry gradually 
toward the edge, so that wc cannot csaclly define its 
boundary. This is called the coma (Lotin for hair). 
Nucleus and coma together arc called tlie Jicad of the 
comet, which looks hke a star shining through a patch 
of mist or fog. 

Stretching an ay from the comet is the tad, which 
inaj be of almost any length In small comets the tail 
may be ever so short, while in the greatest it stretches 
o\er a long arc of the heavens. It is narrow and bright 
near the head of the comet, and grows nider and more 
diffuse ns it recedes from the head It is therefore 
alwajs more or less fan-sliapecL Toward the end it 
fades away so gradually tlial it is impossible to say 
liow far the cj e can trace 

221 



222 


COMETS AND METEORS 


Comets differ enormously in brightness, and, not- 
withstanding the splendid aspect which the brighter 
ones assume, the great majority of these objects are 
quite invisible to the naked eje. There is, however, no 
broad distinction to be drawn between a telescopic 
comet and a bright one, there being a regular range of 
brightness from the faintest of these objects to the 
most brilliant. Sometimes a telescopic comet has no 
visible tail; this, however, is the case only when tlie 
object is extremely faint. Sometimes, also, the nucleus 
is almost wholly wanting In such a case all that can 
be seen is a small foggy mass, like a very thin cloud, 
which may be a little brighter in the center. ^ 

From the historical records it would appear that 
from twenty to thirty comets visible to the naked eje 
generally appear in the course of a century. But when 
the telescope was employed in sjreeping the heavens 
it was found that these objects are more numerous than 
had been supposed. Quite a number are now found 
every year by dihgcnt observers. Doubtless the num- 
ber depends very largely on accident, ns well as on.the 
skill applied in the search. Sometimes the same comet 
will be found independently by several obseners. The 
credit is then gnen to the one aho first accurately 
fixes the position of the comet at a ghen time, and 
telegraphs the fact to an observatory. ‘ • 


OnniTS OF COMCTS 

Soon after the invention of llie telescope it was 
found that comets resemble the planets in moving in 
orbits around the sun. Sir Isaac Newton shoaed that 
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their motions arc ruled bj Uie sun*s gravitation in the 
same vray as the motions of the planets Tlie great dif- 
ference IS tliat, instead of Uic orbits being nearly cir- 
cular, like those of the planets, tliej arc so elongated 
that, m most cases, it cannot be determined whore the 
aphelion, or fartlier end, is We shall enter into some 
explanations of the naturd of cometary orbits, and the 
laws gov ermng them 



Fio 87 ParahoUc Orbit of a Comet 

It was shown by Newton that a body moving under 
the influence of the sun’s attraction always describes 
a conic section This curve is of three hinds, an elhpse, 
a parabola, and a hyperbola The first, as we all know, 
IS a closed curve returning into itself But the parabola 
and the hyperbola are not such, each of them extends 
out without end in two branches In the parabola these 
two branches approach more nearly to having tlie same 
direction as we get out farther, but in the hyperbola 
they always div erge from each other 

Havnng these curves in mind, let us imagine the 
earth to leave us hanging in space at some point of its 
orbit, our planet pursuing its course without us, until 
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at the end of a year, it returns to pick us up again, 
During the interval of its absence we amuse ourselve4 
by firing off balls to perform their resolutions around 
the sun like little planets. All the balls we send off with 
a velocity less than tlial of the earth, that is to say, 
less tlian eighteen and a half miles a second, nill move 
around the sun in closed orbits, Bmaller than the orbit 
of the earth, no matter in what direction we send them. 
A very simple and curious law is that these orbits udll 
always have tlie same period if the velocity is the same. 
All the halls sent with the velocity of the earth will 
require one year to make their revolution and will,' 
therefore, come together, at the point from which they 
started, at the same moment. If the velocity exceeds 
(eighteen and a half miles a second, the orbit will be 
larger than that of the earth, and the period of revolu- 
tion will be longer the greater the velocity. With a 
speed exceeding about twenty-six miles a second, the 
attraction of the sun could never hold in the ball, 
which would fly away for good in one of the branches 
of a hyperbola. This would happen no matter in what 
direction ve threw the object. There is, therefore, at 
every distance from the sun, a certain limiting veloc- 
ity, and whenev er it is exceeded, the comet will fly off 
from the sun never to return ; while if it falls short, it 
will be sure to get back at some time. 

The nearer we are to Uie sun, tlic greater is this 
limiting v elocity. It varies inversely as the square root, 
of the distance from the sun; hence, four times away 
from the sun,, it is only half as 5,reat. The i*ule for find- 
ing the limiting velocity at any point in space is vciy 
simple. It is to take the speed of a planet passing 
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through that point in a circular orbit, and multiply it 
bj the square root of 2 This is 1 4:14 . . , 

It follows tliat if the astronomer, by means of his 
observations, can find the velocity inth ahich a comet 
13 passing a knoan point of its orbit, he can determine 
the distance to a Inch it anil fl^ from the sun and the 
period of its return a careful comparison of obser 
valions made during the whole period of nsibihty of 
the comet he can generally reach a defimte conclusion 
on tlie subject 

It 13 a fact that no comet has yet been seen whose 
speed ccrtamlj exceeds the limit which ae have de- 
scribed It IS true that, in manj cases, a slight excess 
has been calculated from the observations, but this 
excess IS no greater than might result from the neces- 
sary errors of observations on bodies of this kind Com- 
monly the speed is so near the limit that it is impossible 
to say whether it exceeds it or not It is then certain 
that the comet will fly out to an immense distance, not 
returning for hundreds, thousands, or tens of thou- 
sands of jears There are also cases in which the speed 
of the comet is found to be less than the limit by a 
considerable amount Such comets complete their revo 
lutions in shorter periods and are called periodic 
comets 

So far as wc know, the lustory of the motion of the 
large majority of the comets is this They appear to us 
03 if falling toward the sun from some great distance, 
^'c know not what If a comet is directed exactly to 
ward the sun, it will fall into it, but this is a case which 
has not been known to occur and which, for reasons 
to be explained later, cannot be expected ever to occur 
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As it approaches the sun, the comet acquires greater 
and greater ^eloclty, speeds around the central body 
in a great cur\ej and, bj the centrifugal force thus 
generated, flies off again, returning to the afajss of 
space nearly in the direction from which it came 
Owing to the faintness of these objects they aie ns 
ible, even in powerful telescopes, only in that part of 
the orbit which is comparatively near the sun Tius is 
what makes it so difficult m many cases to determine 
the exact period of a comet which has been seen only 
once. 

Halley’s comet ^ 

The first of these objects which was found to return 
in a regular period is celebrated in the history of as** 
tronomy under the name of Halley^s comet It ap- 
peared in August, 1689, and was observed for about a 
month, when it disappeared from view Halley was able, 
from the observations made upon it, to compute the 
elements of the orbit He found that it followed the 
same specifications os the orbit of o bright comet ob- 
served by Kepler in 1607 

It did not seem at all likely that two comets should 
move precisely in the same orbit Halley therefore 
judged that the real orbit was an ellipse, and that the 
comet had a period of abou* seventy five years If this 
were the case, it should have been \nsiblc. at intervals 
of about seventy five years in the post 

So he subtracted this period fiom the several dates 
m Order to determine whether any comets were re- 
corded Subtracting seventy five from 1607 ^\c Imvc 
1682 He found that a comet had actually appeared 
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in 1S51) which he had reason lo bchc\c was ino\ing 
jn the i>ame orbit Again Bubtrnctmg Bc\cntj five from 
this ^car wc lja\c Ihe jear 145C A comet really did 
ijipcai m 145C, winch spread sucli horror tliroughout 
Chnslcndom that Pope Cnlixtus III ordered praters 
to be ofTcred for protection against the comet as well 
as against the Turks, who were at war against Hurope 
It u probable that llic myth of “the Pope’s Bull 
against the comet” refers to tins circumstance 

Other possible appearances of the cornel were found 
in post history, but Halley was not able lo identify 
the comet with exactness, owing to the absence of any 
precise dcscnption of the body But the four well* 
observed dates, 145G, IGGl, 1607, and iC8S, alTordcd 
ample ground for predicting that the comet would 
Again return to the sun about 1758 Clairaut, one oi 
the most eminent mathematicians then in Prance, was 
able to calculate nhat ciTcct would be produced by the 
action of Jupiter and Saturn on the period of the 
comet He found that this action would so delay its 
return lliat it would not reach perihelion until the 
spring of 1759 It appeared according to the predic- 
tion, and actually passed pcnlichon on March twelfth 
of Uial y car 

Halley’s coTnel passed penhehow nest in No\en\ 
her, 1835, and again in May, 1910 At its latest ap- 
pearance it presented a beautiful sight m the eastern 
sky before dawn early in May On May 19, tlie comet’s 
head passed direcUy between the earth and the sun, 
and two days later its tad may well ha\c brushed the 
earth Nothing could be obser\cd of either occurrence 
By July, I911i the comet had receded so for that it 
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faded from view e^ en with tiic telescope It is now be- 
yond Neptune’s orbit, where it remain for more 
than SO years, passing the aphelion point m 194*8 
Halley’s comet •mil return to penhelion m 1985, when 
it will doubtless be again a Spectacular object to the 
unaided eye 

COMETS WHICH HAVE DISAPPEAHED 

A comet of unusual interest was discovered by the 
French astronomer Lcxell, in June, 1770 The object 
toon became visible to the naked eye It was moving 
in an elliptical orbit, with a period of only about six 
years Its return was, therefore, confidently predicted, 
but it never reappeared The cause was, however, 
speedily discovered When it returned at the end of six 
years, it was on the opposite side of the sun, and 
therefore could not be seen Passing out to complete 
its reiolution, it must have gone into the immediate 
neighborhood of the planet Jupiter, whose powerful 
attraction started the comet off into some new orbit, 
so that it never again came withm reach of the tele- 
scope TIus, also, explained why the comet had not 
been seen before Three years before Lexell found it, 
it had come from the neighborhood of the planet 
Jupiter, wluch had tlirown it into an orbit different 
from its former one Thus the giant planet of our 
system had, so to speak, given the comet a pull about 
1767 so that it should pass into the immediate neigh 
borhood of the sun, and having allowed it to make two 
reiolutions around the sun, agam encountered it lO 
1779, and ga\e it a new saing off, no one knows where 
Since that tune twentr or thirty comets, found to x>» 
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periodic, IiAvc been observed, moat, but not all of lljcm. 
at two or more returns. 

Comets ore subject to dissolution and decaj*. An in- 
teresting case of apparently complete disintegration 
is that of IJleln’a comeL Tim comet was first obsen ed in 
1772, but was not knosm to be periodic. It was again 
seen in 1805, and again the astronomer did not notice 
the identity of the orbit in wliich it was moring with 
that of the comet of 1772. In 182C it sras discovered 
a third time, and now the coropulalion of the orbit by 
the improved methods established its identity with the 
former comets. The time of revolution was fixed at six 
and two thirds years. It should, therefore, appear in 
1832 and 1839. But on these returns tiie earth was not 
in a position to admit of its* being seen. Toward the 
2nd of 1845 it again appeared and was observed in 
Kovember and December. In January, 1846, ns it came 
nearer to the earth and sun, it was found to have sep- 
arated into two distinct bodies. At first tlic smaller of 
these was quite faint, but it seemed to increase in 
briglilnws until it became equal 4o the other. 

The next return w'as in 1852. The two bodies were 
then found to be far more widely separated than be- 
fore. In 1846 their distance apart was about two hun- 
dred thousand miles; in 1852 more than a million miles. 
The last obscr\'alions were made in September, 1852. 
Although since that time the comet should liave com- 
pleted seven revolutions, it has never again been seen. 
From the former returns it was possible to compute 
with a good deal of precision the position where it 
should appear, and from its nonappearanco we might 
conclude Uiat it has been completely disintegrated. We 
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shall, in the nest chapter, learn a little more about tiie 
matter which composed it. 

.Two or three comets have disappeared in the same 
•^ay. They were observed for one or more revolutions, 
growing fainter and more attenuated on each occasion, 
and finally became completely invisible. 


• EVCKE*S COMET 

Of the periodic comets the one that is most fre- 
quently and regularly observed bears the name of 
Enche, the German astronomer who first accurately 
determined its motion. Its first discovery was made in 
1786, but, as was often the case then, its orbit could 
not at first be determined. It was again seen in 1795 
by Miss Caroline Herschel. It was found again in 1805 
and 1818 Not until the latter date was the accurate 
orbit determined, and then the periodic character of 
the comet and Its identity with the comet observed in 
previous years was established. 

Enche now found the period to be about three years 
and one hundred and ten days, varying a little accord- 
ing to the attraction of the planets, especially of 
Jupiter, In recent times it has been observed some- 
where at almost every return. Tlic return in 1928 was 
the thirty-socnth to be recorded , 

IVhat has gi>en this comet its celebrity is the fact 
that its orbit became smaller continually for many 
years, until its mean distance from the sun was reduced 
by more than a quarter of a million miles. The theoty 
Has iicen proposed" that' its motion was lieihg resisted* 
by somc_medium surrounding the sun. A number o' 
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Astronomeis have investigated this subject on the 
various returns of Die comet. Sometimes there appears 
to be evidence of a retardation from one return to the 
next, and eomelimes not, 

CAPTonn OF COMETS nr JurixEH 

A remarkable case, in which a new comet was made 
a member of the solar S 3 'stem, occurred in the j’cars 
1886-1889. In the latter j'car a comet was observed* 
by Brooks, which proved to be revolving in an orbit 
with a period of only seven j’cars. As the comet was 
quite bright, the question arose why it had never been 
obseriied before. This question was soon answered by 
the discovery that in the year 1886 the comet had 
passed close to Jupiter. The attraction of the planet 
had 80 changed its course as to throw the comet into the 
orbit which it now describes. Other periodic comets 
pass so near to Jupiter that there is little doubt that 
they were captured in this way. 

The question therefore arises wliether this may not 
be true of all comets whose periods are fairly short. 
This question must be answered in the negative, be- 
cause Halley’s comet docs not pass near any planet. 
The 'same is true of Encke'’s comet, which does not 
come near enough to tlie orbit ol Jupiter to have heen 
drawn into its present orbit, altliough, when its orbit 
was larger, it may well have done so. 

' WHENCE COME COMETS? 

It was supposed, until a recent time, that comets 
might come into the solar sj^tem from the vast spaces * 
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between the stars. This -view, however, seems to be set 
aside by the fact that no comet has been proved to 
move with a much higher speed than it would gel by 
falling to the sun from a ^stance, which, though far 
outside the orbit of the most remote planet, is much 
less than the distance of the stars. We sliall see here- 
after that the sun itself is in motion through space. 
Even if we grant that comets come from space far 
outside the solar system, the fact tliat we have just 
cited still shows tliat they partook of tlie motion of the 
sun and solar system through space while they were 
still outside that sjstcm. 

The view which now seems established by a study of 
the whole subject is that these objects ba>e their reg- 
ular orbits, differing from those of the planets in their 
great eccentricities. Their periods of revolution are 
generally thousands, and sometimes tens of thousands, 
and even hundreds of thousands of years. During this 
long interval they fly out to^an enormous distance be- 
yond the confines of the planetary sjstcm If, as they 
return to the sun, they chance to pass very near a 
planet, two things may happen; Either the comet may 
be ^\cn an additional swing tliat will accelerate its 
speed, throw it out to a greater distance tlian it ever 
had before or possibly to a distance from which it can 
never return, or the speed may be retarded and the 
comet made to move in a smaUer orbit. Thus we have 
comets of so many different periods. We conclude that 
tlie comets we sec arc, at present, members of the solar 
system. It has been suggested, and it is not irnpossilile, 
llint our supply of comets was taken on at some time 
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in the remote post when the sun passed through a cos- 
mic dust-cloud— one of tlic dark nebuhe- 


BRllXIAKT COSIUTS 

The scry bright comets nhich appear from time to 
time are of the gr^test interest to crery beholder. It 
is purely a matter of chance, so for as our knowledge 
ertends, when one will appear. Of what are called great 
comets, there were fi%e or sis during the nlnctecnlb 
ccntuiy. The most remarkable and brilliant of all ap- 
peared in 1858, and Lears the name of the Italian os- 
Ironoraer Donati, its discoverer. Its history will show 
ilic changes through which such a body goes. Tlie 
comet was drst seen on June 2, but was then only a 
faint nebulosity, risible in ilic telescope like a minute 
white cloud in the heavens. No tail was then visible, 
nor was there the slightest indication of what the little 
cloud would grow into, until the middle of August. 
Then a small tail began to form. Early in September 
the object became risible to the naked eye. From that 
time it increased at an extraordinary rate, growing 
larger and more conspicuous night after night. It 
seemed to move but Lltlc for Uic period of a whole 
month, floating in the western sky night after night. 
It attained its greotest brilliancy about October 10. 
Careful drawings of it were made from time to time 
by George P. Bond, of tlie Harvard Observatory. We 
have two of these, one a naked eje view, the other a 
telescopic one sho^nng what the head of the comet 
looked hkc. After October 10 it rapidly faded away. It 
soon t^a^ died toward the south, and passed below our 
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horizon, but was followed by observers in the soutliem 
hemisphere until March, 1859. 

' Before the coirtet liad passed out of sight, computers 
began to calculate its orbit^ It is ns soon found not tc 
move in an exact parabola, but in a very elongated 
ellipse. The period was not far from nineteen hundred 
years, but may ha\e been a hundred years more or 
less than this. It must therefore have been visible at its 
preceding return sometime in the first century before 
Christ, hut there is no record by which it could be 
identified. It may be expected again in the thirty- 
eighth or tliirty-ninth century. 

A very rcmarhable cose of several comets moving in 
very nearly the same orbit is afforded by tlie comets 
of 1843, 1880, and 1882. The first of these was one of 
the most memorable comets on record. It passed so 
near the sun as almost to graze the surface; in fact, 
it must have passed quite through the outer portions 
of the solar corona. It came into %iew with rcmarlablc 
suddenness in the neighborhood of the sun, about the 
end of February. It was visible in full daylight. By a 
singular coincidence it appeared shortly after a pre- 
diction that the end of the world was to come in the 
3 car 1843. Those who lind been alarmed by this pre- 
diction saw in the comet an omen of the approaching 
catastrophe. 

The comet disappeared from \iew in April, so that 
the time of obscr\alion was rather sliort. The period 
of revolution now became a subject of interest. It was 
found, howc\er, that its orbit did not differ sensibly 
from the parabola. But the lime of obso^^a^io^ was so 
brief that any estimate of the period would he some- 



BRILLLVOT COilBTS gSS 

whal uncertain All that could be said was timt the 
comet would not return for se\cral centuries 

Great, tlierefore, i\as the surprise wlien, thirty seven 
jears later, a comet was seen obseners in the south- 
ern hemisphere and found to be moving m almost the 
same orbit The first sign which it ga\ e of its approach 
was its long tail nsing abo\c the horizon This was seen 
in the Argentine Republic, at the Cape of Good Hope, 
and in Australia Not until the fourth of Pebruary did 
the head become visible It swept around the sun, again 
passed to the south, and disappeared without observers 
in the northern hemisphere seeing it 

The question now arose whether this could possibly 
be the same comet that hod appeared in 1843 Pre- 
viously it had been supposed that when two such bodies 
moie in the same orbit with a long interval between 
they must be the same In the present case, however, 
the hypothesis of identity seemed to be incompatible 
With the observations The question wos set at rest by 
the appearance, in 1882, of a third comet moving in 
about the same orbit This certainly could not be a 
return of the comet which hod appeared a little more 
than two years before The remarkable spectacle was 
therefore offered of three bright comets all moving 
in the same orbit at unequal intervals of time In this 
group we must include also two comets which appeared 
m 1668 and 1887 

Probably they are five parts of a single comet which 
was disrupted near perihelion by the sun’s attraction 
Indeed, the nucleus of one of the group, the great Sep 
icmber comet of 1882, broke into four parts soon after 
perihelion passage The separate parts will return, 
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about a century apart, as four distinct comets having 
periods of from 660 to 960 years 

It seems probable that the nucleus of a comet is 
largely a collection of meteoric matter, of sizes rang- 
ing anywhere from that of grams of sand to masses 
as large as the meteorites which sometimes fall from 
the sky The question then is to explain how the parts 
are kept together through so many revolutions of the 
comet The changes of shape which the nucleus often 
undergoes as it is passing near to the sun seem to show 
that this hypothesis is near the truth 

The spectra of those comets whose light has been 
thus analyzed show clearly that this hght is not merely 
reflected sunlight The principal feature is three bright 
bands, which bear a striking resemblance to those given 
by the compounds of carbon and hydrogen It is the 
spectrum of the glowing gas which enters also into the 
constitution of the comet 

In most cases, at least, it is not the sun’s heat which 
causes the gas to glow It is some other action of the 
sun, analogous perhaps to that whicli causes the 
auroral hght in our upper atmosphere, and which 
lights up the distant nebula; 

It seems certain that the matter of which a bright 
comet IS composed is volatile When a bright comet is 
carefully scrutinized with a telescope, masses of vapor 
can be seen from time to time slowly rising from its 
head in the direction of the sun, then spreading out 
and moving av ay from the sua so as to form the tail 
The latter is not an appendage wlucli the comet car 
ries, as animais carry Vlieir but is bVe a stream 
of smoke issuing from a chimney 
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It frequently happens tliat when a comet is fir«t dis 
co\ered it has no tail at all The tail begins to form 
when the sun is approached The nearer tlie comet np 
proaches the sun, and the greater the heal to which it 
IS exposed, the more rapidly the tail develops TJie 
material of which the tail is coinposcd*mo\cs rapidly 
outward Apparently, it is vigorously repelled by the 
sun’s radiation Thus the comet’s tail is directed away 
from the sun 
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E>TaiY reader of this book roust frequently ba'c sce% 
wbat IS familinrlj called a “sbootin/; star” — an object 
like a star, which darts through the heavens and then 
disappears These objects arc, m nstronomv, called by 
he generic name of meteors Thej are of every degree 
of bngiitnoss, but the brighter they arc, the wore 
rarely they appear One who is out much at night vwll 
seldom pass a jear without seeing such a meteor of 
striking brilliancj Occasionallj he may see one tliat 
illuminates the whole skj with its light 

On almost any clear night m the jcar a watcher can 
see tliree or four or even more meteors m the course of 
^,.aa hour Sometimes, however, they arc vastly more 
numerous, for ci^amplc, between the tenth and fifteenth 
of August, more and brighter ones than usual inll be 
Seen On a numbtr of occasions in historj they have 
coursed the heavens in such numliers ns to fill the be' 
holders with surprise and terror There were remark 
able coses of this kind in 1799, 1833, and 1868-1867 
In the latter years especially, the Negroes of the 
South were so terrified that the recollection of the phe 
nomenon is brought down by tradition to the present 
day 

esa 
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The cause of mefcors was unKno>m until after the 
bc^innin^ of the nineteenth wntur^ Besides Die known 
objects of the solar system — planets, salellilcs, and 
comets — tlicrc arc, coursing through space, and re- 
voking around the sun, countless millions of meteors 
loo small to be scon with the most powerful telescope 
Quito bkely the greater number of these objects arc 
scarcely larger than pebbles, or esen grains of sand 
The earth, in its course around tlic sun, is continually 
rjcounlcnng them One in the line of motion of the 
earth may hn>c a >clocilj amounting to many miles a 
second, perhaps ten, twenty, Uurtj, or even forty 
liiccting the atmosphere with this immense velocity, 
the bod) IS immediately heated to so liigli a temper 
aturc tliat its substance dissok es nwaj witli a brilliant 
effusion of light, no matter how solid it may be What 
wc see IS the course of a particle thus burning away as 
it darts through the rare regions of the upper atmos 
phere 

Of course, a meteor will appear brighter and last 
longer the larger and solider it is Sometimes it is so 
large and solid that it comes witlun a few miles of the 
earth before being finally melted and dissohed away 
Then, the people in the region over which it is passing 
sec a remarkably bnght meteor In such a case it fre- 
quently happens that m a few minutes after the meteor 
has passed a loud explosion, like the firing of a cannon, 
13 heard coming from the region through which it 
passed This anscs from the concussion of the air com- 
pressed by the rapid flight. 
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Somelimes llic mass is so large tliat it readies the 
earth >v5tliout being melted or evaporated. Then Tie 
have the fall of a meteorite, as it is called, which occurs 
many times a year in some part or another of the 
world. 


METEORIC SHOWERS 

The greatest discovery of our times on the subject of 
meteors is connected with the meteoric showers already 
referred to, which occur at certain seasons of the ycai. 
Remarkable showers have occurred near tlie middle of 
November^ the meteors of the shower are called 
X-eomds, because their linca of apparent motion all 
diverge Srom tlic constellation Leo. It was found by 
historical research that iliis shower has occurred at 
intervals of about one tliird of a century for at least 
thirteen hundred jears. The earb'est account is the fol- 
lowing from an Arabian writer: 

In the year 699, on the last day of Mohaircn, stars shot 
hither and thither, and flew against each other like a swarm' 
of locusts , people were thrown into consternation and made 
supplication to the Most High; there was never the like seen 
except on the coming of the messenger of God; on whom be 
benedictjon and peace. 

The first well-described shower of this class occurred 
on November 12, 1799. It was seen by Humboldt, then 
on the Andes. He seems to have considered it os a very 
remarkable display, but made no exact investigation 
as to its cause 

The next recurrence was in 18S3. The aslronomei 
Olbers suggested that the shower had a period of 
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Enrly four jcars, and prcdjclcd a possible return in 
1867, which nctualh appeaiwl, and, in 1860 also In 
1800 and 1807 the obsenahon^ were more carefully 
made than ever before, and led to the discovery of the 
relation between meteors and comets To explain this 
T\e must define the radiant point of meteors 

It 13 found t!mt if, during a meteoric shoncr, we 
mark the course of cacli meteor b> a line on the ccles 
tml sphere, and continue these lines backward, we shall 
find that thej all meet at a certain point m the heav- 
ens In the case of the November meteors this point is 
in tlic contcllation Ix?o, in tiic August meteors at is in 
Perseus It is called the ra^mnt of the shower The 
lines m which the meteors move arc ilie same as if tliey 
were all shot out from this one point, but it must not 
be supposed tlmt the meteors arc actually seen at this 
point, they maj begin to show themselves at any dis 
tance from it less than ninelj degrees, but when they 
arc seen they ore moving from the point This shows 
lliat the meteors arc all moving in parallel lines when 
thej encounter our atmosphere The radiant point is 
wimt, in perspective, is called the vanislung point 
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The period of tlie November meteors, thirty three 
-cars, being known, and the exact position of the 
radiant point determined, it became possible to calcu 
lair the orbit of these objects This was done bj Lever 
rier soon aftei the shower of 1866 Now it happened 
tlint, m December, 1865, a comet appeared which 
passed its perihelion in January, 1866 The study of 
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its motion showed timt its period was about tbirlj- 
three jenrs This orbit was computed by Oppolzcr, 
who published it without noticing its resemblance to 
that of the meteors Then it was noticed by Schiapar- 
elli that there was an almost perfect resemblance be- 
tw cen the orbit of Oppolzcr’s comet and the Lcvcrricr 
orbit of the No\cmbcr meteors So near together wore 
they that no doubt could be felt that tiie two orbits 
were identical TJio oident fact was that the bodies 
which produced these No\ ember meteors were follow- 
ing the comet in its orbit It was therefore concluded 
that these objects bad originally formed part of the 
comet and had gradually separated from it When a 
comet IS disintegrated m the manner described in the 
last chaptcr> those portions of its mass which are not 
completely dissipated continue to reiolve around the 
sun as minute particles, which get gradually separated 
from each other m consequence of tlierc being no suf- 
ficient bond of attraction, but they still follow each 
other in hue in nearly the same orbit 

The same thing was found to be true of the August 
meteors They move jn on orbit very near to that of a 
comet observed m 18fi2 Tlio period of this comet is 
123 years 

The third remarivable case of tins bind occurred m 
1872 We have already spoken of the disappearance 
of Biela’s comet It happens Uiat the orbit of this body 
nearly intersected that of the earth at the point which 
the latter passes toward the end of November From 
the observed period of this comet it should have passed 
this point about the first of September, 1872, between 
two and three months before the passage of the earth 
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tlirough the same point. From tlic analogy of the other 
cases it was Uiercforc judficd that Uicre would be a 
meteoric shower on tiie esening of Nosember 27, 1872, 
and that tlie radiant point would be in the constella- 
tion Andromctla. This prediction was fulhllcd in every 
respect. The Andromedcst as tlicsc meteors are called, 
produced some fine showers; but since 1899, only a few 
of these tneleora have been seen. 

The comet of 186G should liave reappeared soroc- 
time during tlie years 1898-1900, but it was not seen. 
Perhaps it was missed, not because of its complete dis- 
integration, but because it happened to pass its peri- 
helion at a time when the earth was too far away to 
admit of the comet being visible. Morcov er, the meteors 
themselves, o shower of which was expected in 1899- 
1900, did not reappear in great numbers at citlier 
date. The probable reason for tin’s is that tlie swarm 
was dcficctcd from its course by the attraction of the 
planets, which continuttUy cliangcs the orbit of every 
object of this kind. 

One might be tempted to conclude that the countless 
thousands of comets which in time past have coursed 
around the sun, have left behind minute fragments of 
their mass, wliich follow in their orbits like stragglers 
from an army, and that when the earth encounters a 
swarm of these fragments a meteoric shower is pro- 
duced. But it is still an open question, and it is cer- 
tainly doubtful that all these meteoric particles can 
be fragments of comets. The velocities of meteors as 
they cuter the atmosphere often exceed tho parabolic 
limit described in the lost chapter. These, it would 
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seem, must be wanderers llirough the infinite stellar 
spaces, having no connection with our system. 


THE ZODlACAIi EIGHT 

This is a very soft, faint light, surrounding the sun, 
extending out to about the orbit of the earth, and 
lying nearly in the plane of the ecliptic. In tropical 
latitudes it may be seen on any clear eiening about an 
hour or less after sunset. In our latitudes it is best 
seen in the evening in the spring, when, about an hour 
and a half after sunset, it may always be seen in the 
west and southwest, extending upward toward the 
Pleiades. It is best seen at this season because it is 
symmetrical with the ecliptic, and therefore stands at 
A greater angle with the horizon ilien than at other 
seasons. In autumn it may be seen in the morning be** 
fore daybreak, rising from the east and extending 
toward the south. 

Immediately opposite the sun there is always a faint 
light, to wliich the term Gegeruchein is appbed. This 
is a German word, of wliicli the best English equivalent 
is counter-glo 70 . The light is so faint that it can be 
seen only under the most favorable conditions. IVhcn it 
falls in the Milky Way tlic light of that body is suf- 
ficient to droi\Ti it out, ns is that of the moon. 

Tlic Gegenschein passes tlirough the Milky Way m 
June and December of each year, and can therefore 
not be seen during these months. Nor is it likely to be 
seen during the first part of January or July. At other 
times it cojosi Ua toakad foe tlvi saio. is caasidcr- 

ably below the horizon, tlic skj perfectly clear, and the 
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moon not in sight. It may tl»cn be seen as an extremely 
faint impression of light, to -which no exact outline can 
be assigned. The obsener will find it by sleeping Iiis 
eye o\'cr the region of the spot exactly opposite llic 
sun. 

It is generally bclie\ed that the zodiacal light is 
caused by the Tcflccllon of the light of the sun from a 
suarm of ler}' minute bodies, perhaps in the nature of 
meteors, continually rc%ohing around it. We might 
naturally attribute Uie Gegenschein to the some cause, 
and dynamical reasons have been assigned for the con- 
gregating of meteoric material opposite the sun. It 
has been suggested also that tlic earth lias o tail, like a 
comet, and that the Gegenschein is simply this tail seen 
endwise. 



Part VI 

the stabs 
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Ha'vtsc completed our suncy of that small section 
of tlie unnerse in which ne lm%e our dwelling, we turn 
to more distant parts of space occupied by the thou- 
sands of stars which ornament our shies 

The whole number of stars in the hea%ens which can 
be seen bj the average eje is between five and six thou- 
sand Of these onl} a half can be aboie the honzon at 
one tunc, and of this lialf a great number will be so 
near the honzon as to be obscured by intervening parts 
of the landscape and by the greater thichness of at- 
mosphere in that direction The number which can be 
readily seen by the average eye on a clear, moonlcsi 
cicning IS between fifteen hundred and two thousand 
Stars visible to the naked eye ore called luad tiarj 
to distinguish them from the inst multitude of stars 
which the telescope brings into view 

As we watch the stars twinkling in the crenm^ skr 
we can easily lose sight of the fact that they are not 
all equally remote, for they seem to be at the same di 
tance We can imagine that they arc set on the 
surface of ft great sphere which complctelr 
tlie earth By the tunung of this sphere on it, 
axis the stars are brought into %ieir m fh- 
earned out of sight in the west But the u 

north circle around the pole witliout , * 
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servers m the latitudes of the United States, ’while 
other stars wliccl around the south pole of the heavens, 
invisible to us, without c^cr coming into view. The 
westward rotation of the starry sphere, once around in 
a sidereal day, proceeds therefore at the rate of a de- 
gree in a little less than four minutes. 

As oerjone knows, it is Uic earth’s eastward rota- 
tion on its axis that causes the celestial scenery to 
circle westward dailj*. Meanwhile, in consequence of 
the earth’s rooluUon around the sun, the sun appears 
to mo\e slowly eastward among the stars, slightly less 
than one degree in a day, completing its circuit along 
the ecliptic in the course of a j'car. These effects of the 
earth’s motions have been described in a previous 
chapter. 

Owing to the sun’s eastward displacement, a day by 
the stars, the sidereal day, very nearly, which is the 
actual period of the cartli’s rotation is nearly four 
minutes shorter than a day by the sun. Each night a 
star rises nearly four minutes earlier than on the pre- 
vious night ; and at the same hour it is a degree farther 
west. As the seasons go oround, therefore, all the stars 
that rise and set pass in re\acw across the e\ em'ng sky. 

Tlie stars are not scattered uniformly over the sky. 
Tljey are assembled in groups ; some of them, such as 
the Great Dipper and the Square of Pegasus, are so 
striking that once noticed they are not likely to be 
forgotten. Ancient peoples were as familiar with the 
conspicuous groups of stars os we are. The face of the 
sky has changed ■very little in a few thousand years. 
And they named these ^roppa. So b^gan the constel- 
lations. 
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Our constellntions ha>c descended to us, with some 
alterations and additions, from tlie early Grcela who 
probably learned them from the people of JIcsopo- 
tamia. As early ns the ninth century B. C. Homer men- 
tioned the Great Bear, Orion, and some other famiUar 
configurations. The carh’est fairly complete account of 
the ancient constellations, nearly fifty in all, is to be 
found in the Phenomena which Aratus, poet laureate 
of the king of Macedonia, wrote about 270 B. C. Their 
names arc those of mythological heroes and animals, 
and they are associated with many familiar stories. 

Eighty-eight constellations are recognized to-day, 
of which eighteen around the south celestial pole never 
rise abo^e the horizon in middle northern latitudes. 
The additions to the original fist were designed to fill 
vacant places between the ancient constellations, and 
also the area around the south celestial pole which was 
invisible to the Greeks. 

Astronomers have retained, in the Latin form, the 
old names of the constellations, but the figures of the 
heroes and animals have almost entirely disappeared 
in the modem maps. For practical purposes, the con- 
stellations have become regions of the sky containing 
the various groups of stars, and set off by arbitrary 
boundary lines, as our slates are bounded. By inter- 
national agreement the boundary lines of the constel- 
lations are parallel and perpendicular to the celestial 
equator. AH stars within the boundaries of a particular 
constellation are members of it; and whenever a planet 
or the sun or moon is included, it is said to be in the 
constellation. 

Since the moon and the planets, in general, as well 
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as the sun, do not stray far from the ecliptic, they are 
usually associated ^nth the twelve constellations of the 
zodiac, which lie along the ecliptic. Their names are; 
Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libia, 
Scorpio, Sagittarius, Capricornus, Aquarius, and 
Pisces. The zodiac is tlie band around the heavens six- 
teen degrees wide througli which the ecliptic runs cen- 
trally It is dnided into twelve equal parts, the signs 
of the zodiac, which arc marked off eastward from the 
vernal equinox. They are named after the twelve con- 
stellations. Two thousand years ago, each sign in- 
cluded its own constellation. Owing to precession, which 
we have already described, the signs of the zodiac ha\e 
now shifted westward, so that they no longer coincide 
with the constellations of the same name. 

This chapter is intended to assist the reader in 
recognizing the principal constellations which are vis- 
ible in the course of the year in the latitudes of the 
Umted States. Most of them contain characienstic 
configurations of stars, such as a square, a cross, or a 
dipper figure, easy to identify in the sky from the 
descriptions and the maps which accompany them. 
Each season brings its own display of constellations 
into the oening skies. It docs not matter with what 
season we begin Anyone who makes a beginning in the 
learning of the constellations is likely to continue, as 
the familiar groups disappear in the west and new ones 
to be learned appear in the east, until the circle of the 
year is completed. 

It is convenient for our purpose to di\ide the visible 
portion of the heavens into five regions Pirst, we have 
the northern constellations which circle around the 
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celestial pole williout setting, and are therefore gen- 
erally m Mew throughout the jear m middle northern 
latitudes The remaimng regions contain the constel 
lations which rise and set, and cross generally south 
of the zenith ^Ylth each of the four seasons we here 
identify tliose constellations iihich are crossing the 
celestial meridian at i) o’clock in the e\emng during 
tliat season In the maps we show only the brighter 
stars, in general, in order to a^old confusion, and for 
the same reason wc omit the boundary bnes 


THE l^ORTHERN COVSTELLATIOVS 

The map which shows the constellations of the 
northern sky is found in the first part of the book, in 
Tigure 2 The center of the map 35 the north celestial 
pole around which the stars appear to wheel m the 
counter clockwise direction, once around m four min 
ules less than a day Trom night to night at the same 
hour they advance, therefore, about a degree To make 
the map agree with the sl^ at nine o’clock in the eve- 
ning, turn it so that the raonth appears at the top 

Pirst find Ur$a Major, the Great Bear, whose bright 
stars form the familiar Dipper This group can be 
found at any time of the jear except perhaps in 
autumn when it is near the horizon Notice the two 
stars winch form the forward side of the bowl of the 
dipper They are tlie Potnters, so named because they 
point toward the pole star This star, Polaris, is near 
the center of the map, witlun about a degree of the 
celestial pole, and therefore marking its place m the 
sky approximately 
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The pole star belong to the constellation Ursa 
MtnOTi the Lesser Bear, more often known as the Small 
Dipper. It marks the end of the handle of this dipper, 
the rest of whicli is rather faint with the exception of 
the two stars on the forward side of the bowl These 
two are knoi\Ti as the Guardians of the pole, because 
they march around it incessantly. 

If the pointer stars are not in sight, the pole star 
can be found by looking directly north, and as high 
above the horizon as the number of degrees in the lati- 
tude of the place of observation Thus in latitude 45“ 
the pole star is half ay from the horizon to the zenith 
On the opposite side of the pole from the Great 
Dipper, and at about the same distance, is the Chair 
of Cassiopeia Fue bright stars form the letter W, or 
M Two fainter ones complete the chair, it has a very 
crooked back, and could be made more comfortable 
by a cushion m the hollow 

Preceding Cassiopeia m the daily circuit around the 
pole we find CepJicus To some people it resembles a 
church spire, having its apex near the pole In advance 
of Cepheus, nearly halfway around the pole to the 
Great Dipper, is the V-slmped head of Draco The 
body of the dragon, composed of rather famt stars, 
can be followed from the map It winds around the 
north pole of the echptic, the point about two thirds 
of the way from Polans to the head of the dragon 
This point, unmarked by a bright star, is the center 
around which tlie north celestial pole is very slowly 
circling in consequence of the earth’s precessionnl 
motion 

These are the fi\e conspicuous constellations of the 
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northern hetwens. IIa>*in« identinod them, tnc face to- 
ward Use south, selecting the map for tlie season in 
which ¥,e arc observing. Suppose tlml it is autumn. 


Tnn ACTCSIN* COVSTTLLATIO.VS 

The map in Figure S9 shoas the principal constel- 
lations wliich ornament the southern shies during the 
autumn. Vertically below the name of the month we 
find those groups tliat arc crossing llic celestial meri- 
dian at nine o’clock in the cscning during Uvat month, 
extending from tlic zenith, near tlie top of the map, to 
the south point of tlie horizon, near the bottom. The 
horizontal line through the middle of the map is port 
of the celestial equator. The slanting line represents 
part of the ecliptic. 

The squorc of Pegasus Is the easily recognized land- 
mark of the autumn skies. Early in the season the 
square appears directly* in the cash By the first of 
November, it has ndinnccd to a place Iiigh up in tlie 
south at nine o’clock. Fifteen degrees on a side, the 
square is formed Lj’ four stars of the second magni- 
tude. Northeast from the northeast comer of the 
square is Uie great nebula of Andromeda Brightest of 
the great spirals whicli lie far bejond the Milky Way, 
and which will be described later, it appears to the 
naked eje as an elongated, foggy patch of light. If 
imagine the square of Pegasus to be the boal of a 
'cry large dipper, the handle, toward the northeast,^ 
is formed by the bright stars of Andromeda. The end 
star in the handle, hoaever, js Alpha Persei. 

Perseus stands in the Milky Way, an arrowhead of 
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stars pointing toward CassioiHMa Jlidwnv between the 
two we observe a cloud} patch which is rcsol\ed by a 
small telescope, or o^on a field glass, into two clusters 
of stars It js well known as the Double Cluster of Per- 
seus In the western barb of the arrow figure there is 
a row of three stars Tlic middle and brightest of the 
Uiree is Algol, the “Demon Star,” a typical eclipsing 
double star 

Tlic region of Uie heavens which wc arc CKamming 
includes the three zodiacal constellations, Aqttanus, 
Pisces, and Anes The ecliptic crosses the celestial 
equator in the western part of Pisces This crossing 
point, the vernal equinox, where the sun stands on 
March 21, is nearly m hne witli the eastern side of the 
square of Pegasus, and about one length to the south 
Two thousand jears ago, tlus equinox was northeast 
of its present position, in the constellation Anes, whose 
principal stars form a small flat triangle 

South of Pisces is the large constellation Ceitis, 
famous because of its red vanabJc star Mira, the Won 
derful This star is invisible to the naked e}e except 
for a month or two each year The whole region of tlic 
autumn constellations is subdued It contains only one 
star of the first magnitude, tins is Pomalhaut, in the 
constellation Ptscis Austnnus, far to the south, which 
crosses the meridian at nine o^clock in the evemng 
about the middle of October 

THE WINTEK CONSTEIiATIONS 

Tlie constellations of winter (Figure 40) are the 
brightest m the heavens Their brilliant stars sparkle 
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and splinter into prismatic colors through the long cold 
nights, as if to compensate for the deficiencies of t!ie 
sun during this season. 

Orion is brightest of all the conslellalions. Four stars 
mark Uie comers of a rectangle, upended as ne see it 
in the souUu The great red star Bctelgeuse is located 
m the upper cast comer, tlie blue Iligcl in the loyer 
'nat. Three bright stars in line near the center of the 
rectangle form the belt of the hero, while three fainter 
•ones below ornament his sword. The middle of the 
fainter trio is reallj not a star at all, but one of the 
finest of the nebula?, the great nebula in Orion, a very 
remarkable sight with the telescope. 

The line of Orion’s belt directs the eye southward to 
Sirius, the Dog Star, the brightest of all the stars. It 
is in Uie constellation Conis ^/ojor, the Great Dog. 
East of Orion, and forming nn equilateral triangle with 
Sirius and Bctelgeuse, we find the first magnitude star 
Procyon, in tlie small constellation Cams Minor, the 
liittlc Dog. 

Following the line of Orion’s belt upward, nc come 
to the V-shaped cluster of the Hyadcs, and, a little 
way beyond, to the more compact cluster of the Pleiades, 
or the “seven sisters.” Botli are examples of open star 
elnslcsa which will be described later. The Hyadcs mark 
the head of Taurus, the Bull. The bright red star Alde- 
baran forms his eje, while two conspicuous stars far- 
ther east are at the tips of his horns Aboie these two 
stars wc find the constellation Auriffa whose great yel- 
low star Capella is one of the tliree brightest in the 
northern cc^cstint VitarfsjJEfete 

Taurus, Gemini, and Cancer are the three zodiacal 
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constellations along the course of the ecliptic in this 
region of the hea^ens. Tins part of the ecliptic is the 
faithest north. 

Gemini, the Heavenly Twins, has the form of a long 
rectangle, ^\ith the bright stars Castor and Pollux at 
its eastern end It was in this constellation that tlie 
planet Pluto was discovered, in 1930, Cancer, the Crab, 
whose name is given to our northern tropic, is a rather 
faint constellation. Its most interesting feature is the 
Pracsepe cluster, which appears as a hazy spot to the 
naked eye, A field glass shows it as an open cluster of 
stars. 

This region of the winter constellations includes a 
part of the Milky Way, which adds to the splendor of 
the starry scenery on a \ery clear mght, although it is 
not so brilhant and spectacular as the part that we see 
in the summer. 


THE SPniNG CONSTELLATIONS 

As the bnlhant configurations of the winter disap- 
pear below the horizon, they are replaced by tlie some- 
what less spectacular star groups of the spring (Pig* 
ure 41). Leo is the dominant constellation of tins re- 
gion of the heavens Its appearance in the east in the 
early evening is to many people the harbinger of ap- 
proaching spring During April, it is high in the 
southern sky at nine o’clock in the ening 

Leo IS recognized by its sickle of se^ en stars ; the 
brightest one of the group, at the end of the linndle of 
the sickle IS Rcgulus, a star of the first magnitude 
East of the sickle is a right triangle, and farthest east 
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m the tnnngle is Dciicbola There nre some who inia* 
ginc n lion outlined Lj Uic stnrs of tins constcllntion 
A line from Dcncbola to the slnr nt the end of the 
handle of the Great Dipper passes through t«o incon* 
spicuous constellations, Coma Bcrcmccs and Canes 
cnattci The former contains a star cluster, some of 
''hose stars can be disccrnctl xnth the naked c}c This 
part of the heavens is of great interest to the obsencr 
^th a largo telescope, because it is thickly populatcil 
J spiral nebuhe and other \cry remote systems exter* 
iial to our oan 

The longest constellation of all, Ift/dra, stretclies 
across llie soutlicrn skies of spring as an irregular hoc 
of stars, from a point south of Cancer nearly to Sco^ 
pio Near tlie middle of its course "c find two constel- 
lations of considerable interest, they are Craters the 
Cup, nliich resembles a goblet, and Corvus, Uic Crow, 
wluch appears as a quadnlnlcral of fairly bright stars 
Iteturn for a moment to the northern sky The Great 
;Uipper IS imcrtcd and abo\c the pole at tlus season 
-tollow the cune of the handle through the end alar 
around toward the south Presently a very bright 
orange star is encountered, and at an equal distance bc- 
curve a blue star somewhat less brd 
lan The first star is Arclurus, in Bootes, the second 
^ bpica, m Virgo Bootes has the form of a kite, with 
re urus at the point where tlie tail is attached 
Virgo IS a large constellation of the zodiac whose 
stars form no very definite figure by wluch it may be 
remembered Spica completes an equilateral triangle, 
with Arcturus and Denebola at the other vertices A 
me rom Spica to Regulus represents very nearly the 
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coune of the ecliptic in this region of the hea\ens. And 
a point two fiftlis of tlie nay along this line marks ap- 
proximately the autumnal equinox nlierc the sun, on 
Septemher 23, crosses the celestial equator. 


THE BtJMJfEn CON'STEIXATIONS 

Celestial scenery of the greatest variety and interest 
w on display during the summer montlis (Figure 42). 
Immediately cast of the kite of Bootes, Corona, the 
Northern Crown, is readily recognized. It is a semicir- 
cle of stars witli llie open part toward the north. 

As far again to the cast is the part of Hercules tliat 
appears to some obscr\crs like a butterfly with out- 
stretched wings. Here, barely visible to the naked eye, 
the globular cluster in Hercules is one of the show- 
pieces with the telescope. This great boll of stars is the 
roost superb example of its class that is visible in north- 
ern latitudes. The eastern part of Hercules contains 
the solar apex, the point toward which the whole solar 
system is moving with relation to the stars around us. 

East of Hercules we find Lyra with its brilliant blue 
star Vega. Still farther cast wc come to the Northern 
Cross with its principal axis directed along the Milky 
Way. It is Cygnus, the Swan, whose brightest star, 
Doneb, marks the top of the cross. Here the Milky Way 
di^’ides into two parallel streams. Let us follow its 
course toward the south. 

We pass by two little constellations, Sagitta, the 
Arrow, and Delphinus, the Dolphin, often called “Job’s 
Coffin.” Next comes the larger constellation .JqatZa, the 
Eagle. Its brightest star Altalr is in a line between tw’o 
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fainter stars. Here tlic western brancli of the Milky 
\\ ay, which has thus far been the more conspicuous, 
fades and prcscntlj* disappears, to appear again far- 
ther south. I^lcannlule, the eastern brancli becomes 
brighter, and in the region of Sagittarius forms into 
great clouds of stars. Characteristic of tliis zodiacal 
CQostcUalion is Ihe in\ cried “Milk Dipper” of six stars. 

West of Saggiltarlus and also a member of the 
zodiacal group, Scorpio is one of the most impressive 
of the summer constellations. It crosses tlic celestial 
meridian at nine o’clock in tlie evening during July. 
Its brightest star, Anlarcs, is decidedly red; it is tlie 
largest known star, having a diameter more than four 
hundred times the sun’s diameter. Between Scorpio, 
which is low in the south, and Corona, which appears 
near the zenith at tliis season, a rather large area is 
taken up by two constellations. Serpens and Opliiu- 
chus. 

Acquaintance with the conspicuous constellations is 
easily gained and is profitable. Not only are these con- 
figurations interesting in themselves, but wlien the eve- 
ning sky ceases to be a meaningless jumble of stars, . 
and assumes instead a fsmih’ar aspect, one looks at the 
sky frequently. And he is hkely to be surprised to find 
that many interesting occurrences are taking place In 
the heavens, which he had not noticed before. 
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For most of the time that man has Tratchcd the stars he 
1ms accepted tlmm simply as hvinklmg points of Ught 
designed to decorate the sides of tlic nighttime. Their 
grouping into striking configurations attracted at- 
tention at a very early time, and particularly their 
usefulness in showing the time of night and in foretell- 
ing the changing seasons. 

As the science of astronomy dc\ eloped, it was for 
many centuries confined almost entirely to tlioso edes- 
tial bodies immediately surrounding the earth, tliat is 
to say, the sun, moon, and bright planets The bright- 
ness of tJicsc bodies, and their motions against tlie 
background of the sphere of the stars, singled them 
out for special consideration. The stars in the distance 
remained apparently fixed and inscrutable. Yet they 
served as convenient landmarks for fixing tlie positions 
of the wandering bodies from time to time On this ac- 
count, primarily, the stars were mapped in early times. 

After Copernicus had placed tlie sun in its rightful 
position as the central and dominating body of the 
planetary system, it was gradually understood that our 
sun IS one of the stars, appearing much brighter tlmn 
the others because it js mucli nearer. The stars then 
esme to he r^;aniecJ as distant sans, enamKKis, snd 
very hot bodies, perhaps attended also by systems of 
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planets and satellites. To tWs day wc do not know about 
tlie truth of this surmise; for a planclarj’ system such 
ns ours around the nearest star would be entirely in« 
visible with present telescopes. 

Wliat we have learned about the sun presumably ap- 
plies in a general way to the stars. They arc vast globes 
of very hot gas, liaving photospheres, chromospheres 
and prominences, and coronas. They pour forth con- 
tinually into space enormous quantities of energy, 
from what source no one knows as yet. But even tlie 
naked eye can see that the stars are not all exact copies 
of our sun. Tlierc arc blue stars and red stars as well as 
yellow ones hkc the sun. 

Aside from a few obvious features, the telescope 
alone has added little to our knowledge of ilic nature 
of a star. It shows us many more stars, of course, than 
the naked eye can discern. But even the largest tele- 
scope is unable to magnify a single star into a disk, so 
timt we may study the surface. It was only after the 
invention and application of special instruments that 
the phenomena of the stars themselves could be ob- 
served. Among the first to be applied, and to-day among 
the most effective attachments to the telescope in the 
study of the stars, is the spectroscope. 


THE ANAETSIS OF STARLIGHT 

The spectroscope, as it is employed in astronomy, is 
an instrument for analyzing tlie hght of the celestial 
bodies. This is accomplished by means of a pnsra, or a 
number of prisms, or else a grating, which disperses the 
Hght into a colored hand, or spectrum, having the col- 
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ors of the rainbow. Tlic colors from one end of the \isi- 
Wc spectrum to the other arc violet, blue, green, yel- 
low, orange, and red, witli gradations between. , 

Two small telescopes arc set so that tlicy point toward 
tlic prism. The first telescope recci\ca the light 
through what would ordinarily be the eye end. Here 
the eyepiece is replaced by a narrow slit. Wlien the 
spectroscope is attached to the telescope, tin's slit is 
placed at the focus of its objccthe. HaNing passed 
through the slit, tlic liglit is made parollcl by the lens 
of the first small telescope, the collimator, whence it 
passes through the prism. Tlie spectrum thus formed is 
obsened through the second small telescope, the ^iew 
telescope, or it is more often photographed. By means 
of reflectors placed over parts of the sht, it is possible 
to pliotograph with the spectrum of the celestial )jody 
the spectrum of a known substance, such as hydrogen 
or iron. This comparison spectrum is possible only with 
the slit spectroscope, the form just described, which, 
however, has the disad\anlage of showing tlie spectrum 
of only one star at a time. 

Another form, the objective prism spectroscope, has 
the merit of showing the spectra of many stars at once. 
It is simply a telescope with a large prism over the ob- 
jecliie A photograph with this arrangement shows, in- 
stead of the field of stars toward which the telescope is 
pointing, a short spectrum in the place of each star. 

Spectrum analysis of the celestial bodies was effect- 
ively inaugurated by Traunhofer, whom we have be- 
fore mentioned as the pioneer in the making of large 
telescopes Jjj 3834, HroiaiLnfcr exftxmncd ^unl^ght 
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lath a spectroscope winch he had made, and san for tlic 
first time a pattern of mam fine dark lines across the 
spectrum He lettered the most conspicuous of tlio dark 
lines in order from tlie red to tJie ^^olet end of tJie spec- 
trum, a sjstcm winch remains in use to daj Tlius two 
dark lines close together in the yello^\ region are the 
H lines 

Praunliofcr was the first, in 1823, to examine the 
spectra of the stars He obscr\ed patterns of dark lines 
there also, patterns of increasing compIexit\ with in- 
creasing redness of the star It remained for tlie physi- 
cist Kirchhoff to explain the significance of these lines 
hj his celebrated law from which we draw the follow- 
ing conclusions 

The spectrum of n luminous gas is ordinarily a pat- 
tern of bright lines of the various colors on a dark 
background, and tlic pattern is clmracteristic of the 
chemical element of winch tlie gas is composed Just as 
a radio station broadcasting on sc^c^nl differeht waNe 
lengths might be identified by tuning in at those places, 
so each chemical element m the luminous gaseous state 
IS identified by the selected wn>elengths of light tliat it 
broadcasts 

A luminous sobd, liquid, or e\en a gas under special 
conditions gi\ es a continuous spectrum , that is to say, 
it emits light oS all colors — ^wJiile light Now, if a cooler 
gas inter\encs between us and such a source it will 
absorb from the wlute light precisely the wa^ elengths 
that it emits The spectrum of the combination will be 
a pattern of dark lines on an othermse continuous band 
of the colors And the dark hne pattern will inform us 
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of the chemical constitution of the intcn’cning gas. 
The (lark line spectrum of a star signifies tlmt selected 
wavelengths have been sifted out by tlie star’s atmos- 
phere from tlie wliite light emerging from its photo- 
sphere. 


PATTERNS IN STELI^AR SPECTRA 

The photographic study of the spectra of the stars 
has been carried on for nearly fiftj' years at the Har- 
vard Obsen’atory and at its southern station at Arc- 
quipa, Peru (now moved to Rlazclpoort, South 
Africa). In this work the objective prism has been 
used. Thousands of pliotographs of all regions of the 
heavens have been secured and carefully examined. As 
a result of this persistent investigation the spectra of 
more than a quarter of a million stars are known. By 
reference to The Henry Draper Catdogue one can 
learn the brightness and spectral class of any one of 
these stars. The latter term requires some explanation. 

Of the many stellar spectra whicli liave been exam- 
ined, the patterns of lines, with few exceptions, can be 
arranged in a continuous sequence. It is almost certain 
that the spectrum of the next star to be studied will 
match somewhere along the sequence. At equal intervals 
the patterns are designated arbitrarily by the letters 
B, A, P, G, K, M. The intervals are divided into ten 
parts. If, for example, we examine the spectrum of a 
star and find that the pattern of lines is halfway be- 
tween the standard patterns B and A, the spectral class 
of the star is B5. This convenient method of describing 
the spectra of the stars originated at the Harvard Ob- 
servatory. Xt is knovm as the "Draper Clasaification. 
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In stellar spectra of Class B helium lines are promi- 
nent. Tills gas, with which dirigibles are filled, was first 
delected in the sun’s cliromosplierc, by the presence of 
unfamiliar lines in its spectrum. An example of a he- 
lium star is the middle star of the three in Orion’s belt. 

Class A spectra, those of Sirius and Vega, for ex- 
tiniplc, ha\e ^cry prominent hydrogen lines. Hydro- 
gen, the lightest element, is present in all classes. Thus 
far the stars are blue. This series of line patterns is a 
color gradation as well, from blue to red stars. 

Class F stars, such as the polestar and the great Can- 
opus in the southern hemisphere, arc yellowish. In their 
spectra the hydrogen lines arc somewhat less conspicu- 
ous, while lines of the metals, calcium, iron, and others, 
are appearing in great numbers. 

The sun is typical of a Class G star. It is a yellow 
star, its spectrum is crossed by thousands of metallic 
lines. In Class K, to which the orange star Arcturus be- 
longs, metallic lines are still more prominent. Toward 
the end of this class, and in the following Class M of 
red stars such as Betelgeuse, in Orion, and Antares, in 
Scorpio, bands or flutings are to be seen in the spectra, 
as well as many lines. 

Such is the principal part of the spectral sequence. 
Pour other classes are recognized, which contain all 
together not more than one per cent of the stars. It 
was formerly imagined that tins sequence, from blue to 
red stars, represents the life history of a star. Tims the 
blue stars are young, the yellow stars hke the sun are 
middle aged, while the red stars are destined to grow 
redder and dimmer as time goes on, and finally to van- 
ish from sight. A later theory held that one group of 
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red stars represents extreme ■j outli As the star agw, 
it becomes jcllots, then blue, and re%crts finally to red 
again in its old age Still other theories of stellar e\o 
lution hate appealed Por the present, tie do not knoir 
hon tJie stars came to be, or lioir, hai in^ appeared, thej 
ha\ogroini 

TFAirERATORLS OF TltE SfARS 
A piece of metal is at n higher temperature wlien it 
IS blue hot than tviien it is red hot Similarly, we may 
suppose that the atmosphere of a blue star lias a higher 
temperature than that of a red star Appropriate in 
%esligalion3 show tliat our supposition is correct, lliat 
die spectral sequence represents a gradation of dimm 
ishmg temperatures Measurements of stellar spectra 
not only estabhsli tins fact, but also gi'e \aluc3 of the 
temperature for stars of the different spectral classes 
In recent years it lias been possible, m addition, to 
measure the heating effect produced by the stars 

In the chapter on the sun it was pointed out that 
the sun’s temperature can be determined by placing a 
pan of water in the sunshine, obse^^^^g the nse in tom 
perature of llie natcr, and roaking certfim calculations 
Evidently this crude procedure ould not be safasfac 
tory for the stars Pettit and Nicholson accomplish the 
same result in a different nay With the 100 inch tele 
scope on Mount Wilson tliey focus the hght of a star 
on a tiny thermocouple, and obsene the heating effect 
by the deflection of a galvanometer In this way they 
can measure the heal produced by a star hundreds of 
times too famt lo be visible to the naked eye, and there- 
fore the temperature of the star Ther hai e employed 
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Uic same mcl!»a<l to tletermine the lemj>cralurcs of tlie 
planets, and of different parts of tlie moon’s surface 

Temperatures immcdintelj abo^c tlic photosphere of 
the blue stars range from ten to tnent} thousand de- 
grees Centigrade, and perhaps lughcr Surface tern 
pernturcs of tlie 3 clIon’ stars arc around six tliousand 
degrees Centigrade, and of tjie reddest stars around 
two thousand degrees E\cn the coolest stars arc still 
'erv hot 

Below the photosphere the star’s temperature rises 
mormousl^ witli increasing depth, perhaps to manj 
millions of degrees at the center Tlie conclusions of 
Qiffcrcnl authorities are for tlie present far from agree 
meat as to conditions in the interiors of tlie stars 
^^^lcncc comes the energj that keeps tlic stars 8hining> 
and where docs all the starlight go arc oilier problems 
of the greatest interest wluch require further imcsliga 
tion 


GIANT AND DWAaF STARS 

The stars vary cnorraoush in actual brightness, jr 
luminosity If we could place them along with the sun 
in a row all at the same distance, we should then dis 
CQ\cr that they range from a ten thousandth to more 
than ten thousand times the sun’s brightness In prac 
tice, astronomers observe liow bright thej would ap 
pear if thej were Mewed from some standard distance 
How these distances arc determined will be learned m 
the following cliapter 

On a sheet of paper ruled in squares let us place a 
dot m the appropriate place for each star whose lumi- 
nositj and spectral class are known A “spectrum- 
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luminosity diagram” of this sort is shoi^m m Figure 
43 The vertical lines represent the different spectral 

Eiv,uc Yetujvjj TLeo 



Fia 43 Spectrum Luminosity Diagram 


classes, from the blue to tne red stors, toward the right 
The horizontal lines repiesent different degrees o 
Actual brightness in terms of the sun’s brightness, in 
creasing upward The dot for the sun, class GO, is in 
the middle of the diagram 



GLVNT AND DW.UIF STARS 275 

The (lots for the majoritj' of the stars, including the 
sun, lie near the diagonal, from upper left to lower 
nglit. This is the tRain sequence. Along this diagonal 
toward the right the stars become cooler, tJiercforc red- 
der and fainter. The steepness of the slope suggests 
that they become smaller also. 

Above the main sequence, two groups of stars arc 
represented by the dots. They are tlie giant stars wluch 
average around a hundred times the sun’s luminosity, 
.and the sitpcrpinnts which arc thousands of times 
brighter than the sun. Consider the stars of a specified 
class, say .the red class j\I stars. Since they arc of the 
same color, ^cir Surface temperatures arc the same, 
and their surface brightness is the same per square 
yard. A square yard of the surface of any one of these 
stars is equal in brightness to a square yard of any 
other. That the giants and supergiants are many times 
' brighter tlian corresponding stars of the main sequence 
signifies that their surfaces contain many more square 
yards; they are so much brigliter because they are 
enormously larger. 

One other group of dots is noticed in the diagram, a 
small group standing apart in the lower left corner. 
They are the ichite diearf stars, of which the faint com- 
pamon of Sirius is the best known. A thousand times or 
more fainter tlvan the while stars generally, they must 
be correspondingly smaller. It is true tliat the white 
dwarfs are no fainter than tlic red stars of the main se- 
quence, but they must be smaller than these also ; for 
each square yard of a while star is brighter than that 
of « red star. The white SjrarSs arc the siaaSest stars 
l'nov.-n. 
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rniENsroKs of the stars 

Stnrs are “weighed” in much tlie same way that plan* 
cts are weighe<l, namclj*, the strcngtli of their at- 
tractions for neighboring bodies. Wc Iia%c alrcody 
noticed that it is difBcuU to determine precisely the 
mass of a solitary planet such ns Mercury, wliich has 
no satellite. But the problem is a simple one ff the 
planet is attended by satellites. It is cs on more difficult 
to determine the mass of a single star. The spaces 
separating the stars are so enormous that the gravita- 
tional effect of one star on another cannot be observed.'’ 

Fortunately for llie accomplishment of the weigh- 
ing, the telescope reveals thousands of pairs of stars— ^ 
binaries, many of them certainly in mutual revolution. 
The spectroscope shows many closer pairs. At o speci- 
fied distance apart the period of rev olution is shorter, 
the larger the combined mass of the pair. Wlien the 
mean separation and the period of revolution can be 
determined, the calculation of the combined moss is 
easily performed. In addition, it is sometimes possible 
to determine the masses of individual stars of the bi- 
nary systems 

The stnXing conclusion from such studies of double 
stars is that the masses of the stars are fairly umform 
Almost all range from one fifth to five times the sun’s 
mass These building blocks of which the universe is 
constructed contain about the same amount of material, 
and of them our sun is a fair average It is bv no means 
a second rate star, as some apologists would have us 
believe We maj well fake a TCasonabJe amount of pride 
m it 
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Our examination of Figure 43 has already gnen con- 
sulcrablc information ns to the sizes of different classes 
Of stars It tiould seem that t!ie stars of tlie mam 
sequence •nhicli arc bluer than the sun must bo somewhat 
orger than tlie sun, those which aie redder must be 
somewliat smaller Tlie white dwarfs arc evidently much 
smaller Giant stars are much larger, while the red 
supcrgmnts are largest of all Calculations based on 
le data that we find in the diagram have led to these 
conclusions, and have given fairly tiustworthy values 
t le diameters of individual stars Direct measure- 
ment of the size of a star, as one might measure the 
ameter of tlie moon or a planet, is impossible, because 
wo star appears as a true disk even m the largest tele 
scope If keep tins in mind, we cannot fail to be im 
pressed hy the ingenuitv which astronomers have cxer- 
ised in getting so mucli information out of those points 
Of hght that wo call stars 

In recent years, beginning in 1920, Michelson's 
a aptation of the interferometer for the measurement 
o stellar diameters has been employed at Mount Wil 
son, first in connection with the 100 inch reflector, and 
® er as a separate instrument fifty feet wide The pro 
cet nre is a httle compheated It is sufficient to say that 
, *^^ccferometer measures the diameters of some of 
c stars very satisfactorily The largest star so far 
measured is Antares, whose diameter is four hundred 
w^on miles Betelgeuse, the first to be measured, is 
^ out half as large Tliese and other red supergiants 
®re enormous, as the calculations require 

Since the masses of the stars are fairlj umform, 
nn since the amount of space that this material occu- 
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pics varies greatly, tlie densities of the stars must dif- 
fer enormously. In the red supergiants the material is 
spread out extremely tliin. Antarcs, for example, is only 
one three-thousandth as dense as the air around us. 

At the other extreme, the white dwarfs seem to be 
compressed to a degree tlmt only a few years ago would 
have been considered quite impossible. In size they re- 
semble the planets. In amount of material they arc 
comparable with the sun. The faint companion of Sirius . 
averages thirty thousand limes denser than water. The 
suggestion is made tliat the atoms within the star have 
been almost completely shattered at the very high tem- 
peratures prevailing there, permitting a high compres- 
sion of matter that is unobtainable on the earth. 

Despite this evidence, which seems difficult to deny, 
not all astronomers and physicists arc agreed that it 
must be accepted. Indeed, everyone might still be in- 
credulous tliat the companion of Sirius can possibly be 
thirty thousand times - denser than water — ^in other 
words, that an ordinary tumblerful of material from 
this star can weigh as much as seven or eight tons, if it 
were not supported by independent evidence. In ac- 
cordance with the theory of relativity the spectrum of 
a very dense star should have its lines strongly dis- 
placed toward the red end. Such n displacement in the 
spectrum of the companion of Sirius has been observed 
at Mount Wilson, and again at the Lick Observatory. 


POLSATIKO STAKS 

The majority of the stars shine with a constant 
light. When we consider the vast amount of energy 
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streaming away from the photosphere of a star, we are 
impressed by the efficient operations witliin the star 
that can deliver energy to the photosphere in precisely 
the required amount, second after second, century after 
century. In many stars, however, the output of radia- 
tion is not constant. Such stars arc known as variable 
stars. We reserve for a later description those stars 
which are variable in liglit owing to eclipses. 

Mira, a red star in Cetus, was the first variable star 
to be recognized, as early as 1696. At times it is visible 
only with the telescope as a star of the ninth magni- 
tude. On other occasions it is more than a hundred times 
brighter, appearing as a fairly bright star to the naked 
The fluctuations are completed in cycles of about 
eleven montlis. Mira is an example of the numerous 
class of long-period variabUt. They are red giant stars 
ftnd supergiant stars. ]\rany other great red stars, such 
as Betelgeuse, vary in an entirely irregular way within 
narrower limits of brightness. A few groups of stars 
■^ary in light in a partially predictable fashion. 

Ceplieid variable stars are at present the most widely 
mscussed; and certainly they have the greatest value, 
as the following chapter shows. Named after Delta 
Lephei, one of the first examples of this kind of varia- 
tion to be recognized, typical Cepheids are yellow 
fiupergiants. Their fluctuations recur with great regu- 
arity both in lime and in manner of variation, in pe- 
riods most generally around a week, although they 
range all the way from one to fifty days. These stars 
Vary not only in quantity of light, but in quality as 
Well. At their brightest th^ are bluer by something 
ke a whole spectral class than at minimum h'ght. 
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Nearly lialf of the Ceplicids are not of the kind just 
described as typical Wlnle they ha^e a number of 
cliaractenstics m common mtli the others, they exliibit 
important differences from tliem By \irtue of their 
frequent occurrence in the great globulai clusters, thej 
are known as cluster type Ceplietds Tliey are blue 
stars, and the peiiods of their fluctuations are around 
half a day Not one is bright enough to be Msible to 
tlie naked eye 

It IS gcnerallj supposed that the \anabihty in the 
hght of the Ceplicids, and perhaps of all other true 
variable stars as well, is caused by the pulsations of 
these stars In its simplest form, wluch maj be too sim 
pk, the theory holds that the variable star is ihj thmi 
cally expanding and contiactmg An overproduction 
of heat in the interior makes the star brighter and 
bluer It expands, thereby becoming cooler, and thus 
fainter and redder Tins adjustment is o\erdone, the 
star IS cooled too much for stnbihlj, so that it con 
tracts again And this pulsation, once started, con 
tinues for a \ery long time An apparent difficultj 'nth 
the simple theory, not at once easj to justify, is the 
obseiied fact that the Ccphcid is brightest not when it 
IS most compressed, but a quarter of “the peiiod later, 
"hen it IS expanding most ngorously Evidently the 
problem of stellar variability is closely associated « ith 
the whole question of the nature of a star 


TcatPonAni stahs 

“New stars” arc the most acnaz.mg of the stars, and 
indeed among tlie most surprising of all the spcctnchi 
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that l!ie licaNcns display. Called uova, tlie\ are not new 
stars m fact, but faint stars npparcntlj as constant os 
the majorit}, a\1uc1i for reasons unknown to us sud- 
denlj exploile In a few hours they rise from obscurity 
to enormously greater brilliancy At the height of tlicir 
temporary splendor they sometimes n\al the brightest 
stars, and, more rarcU, the brightest planets Jlore 
gradually they then subside to comparative obscurity. 

’Ihc fincsl nova on record appeared in 1672, in the 
constellation Cassiopeia It is often referred to as “Ty- 
cho’s star,” because that celebrated astronomer ob- 
Bcrred it, although he was not the first to sec it It rose 
suddenly to a grandeur equal to that of Venus, and ^ 
thereafter faded, until about six montlis later it disap- 
peared from view “Kepler’s star” in Ophiuchus was 
superior to Jupiter It burst upon the celestial scene in 
1604i and remained visible to the naked eye fully a year 
and a half Tliere were tlien no telescopes to walcli it 
further. 

Thus far m the present century, four very bnght 
novas have appeared Nova Pcrsci, in 1901, became a 
httle brighter than Capella Novo Aquilas, in 1918, the 
brightest in more than three centuries, exceeded every 
star except Sinus In two or three days it increased in 
brightness nearly fifty thousand times Nova Cygni, m 
1920, became nearly as bnght as Dcneb, at the top of 
the Northern Cross No\a Pictons, m 1925, appeared 
ot its brightest ns a star of the first magnitude 

These are exceptionally bright novie Jlany at their 
maxima are not visible to the naked eye Some of these 
are picked up on the photographs Doubtless many rise 
and fade unobserved by anyone It is estimated that as 
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many as twenty temporaiy stars bright enough to be 
seen with a small telescope burst forth yearly among 
the stars around us, while multitudes appear in the ex- 
ternal galaxies 

Temporary stars are not so rare, after all Through- 
out the long lives of the stars it may well be that e\ery 
star at some tune in its career explodes in this remark- 
able way And considerable interest is added by the 
thought tliat our own sun may some day explode like- 
wise Such an event would undoubtedly constitute a 
major catastrophe for all life on the earth We wonder 
by what tangle m the ordinarily smooth operations of 
the stars these explosions can come about Although 
astronomers, by means bf the telescope, spectroscope, 
and photographic plate, have assembled much infor- 
mation concerning the upheaval, they have not yet lo- 
cated the cause When this becomes ^own, we shall be 
much farther advanced in our understanding of the 
nature of a star. 

Having now examined various characteristics of the 
stars, as they are known to us, wc may ask and briefly 
answer in summary tlie question implied by the head- 
ing of this chapter Wlmt is a star? The poet who 
wrote, “Twinkle, twinkle, little star, how I wonder what 
you are,” vas doubtless content to wonder The astron- 
omer has been wondering, and also persistently cn- 
dea\onng to find out Tliat, of course, is lus business 
How well he has succeeded in the \ery short intenal in 
which it has been possible to inquire eCFecluelj, we 
ha\ e seen 

The stars are the power houses of the um%erse and 
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the bunding blocks ^ith wliich nature has elected in- 
tricate and colossal structures. They are balls of in- 
tensely hot gas. The quantity of gas thej contain docs 
not \ary ^c^y much from star to star. In size, hovreser, 
they \ary cnormousl}* ; their diameters range from hun- 
dreds of milhons of miles among tlie red supergiants 
to mere tens of thousands of mdes among the white 
dwarfs. Tlie former average thousands of times lighter 
than air; the latter, tens of thousands of times heavier 
than water. At their centers the density becomes ^ery 
great, at least, and the temperature amazingly high. 
Some stars vary in light, suggesting pulsations. Some 
explode. Such are the stars. 
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THE DISTANCES OF THE STARS 

The principles on which distances in the heavens are 
measured were explained in the chapter concerning the 
scale of the solar system. Por distances of the moon, the 
planets, and other near-by objects we use as the base 
line for measurement the radius of the earth, or in 
practice, the line joining two points of observation on 
its surface. But this is entirely too short to serve for 
measuring a distance so great as that even of the near- 
est star. For this purpose we take as the base line the 
radius of the earth’s orbit, or in practice the line join- 
ing two positions of the earth near opposite extremities 
of its orbit. Even with tWs much greater separation of 
the two points of observation, the displacements of the^ 
stars are extremely small. 

Let the little circle on the left in Figure 44! repre- 
sent the earth’s orbit. Let S be one of the nearer stars, 
whose distance we wish to measure. Let the dotted lines 
show the practically invariable direction of n remote 
star, T. When the earth is at one side of its orbit, at 
P, we measure the angle, SPT, between the two stars. 
When the earth is at the opposite side, we measure the 
corresponding angle, SQT. Tlie difference, PSQ, be- 
tween these two angles, divided by two, is the parallax 
nf the star. Strictly, it is the relati\e parallax tliat is 
observed. For the distant star may be displaced 
£81 
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slightlv If tins can be determinctl and ollo^ed for, tl 
final result is tfie absolute parallax whicli is rcquirci 
In practice, it js rot sufficjcnt to obsorie flic star 
direction on onlj two occasions While tlie stars migl 
seem to bo fixed, tlic^ are really in rapid motion, s 
that thc\ are steadily changing' tlieir directions Tin 
proper wiofjou is cspccmllj, conspicuous with tlic tele 
scope for the nearer stars We are therefore uncerlnn 
after two obsenations at an intcr\al of siv montlis n' 
to how much of the observed displacement of our stai 
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IS owing to its own motion, and how much is the paral 
lax effect of our change of position In order to di en- 
tangle the two, the obscrwations must be continued 
o\cr two or three jears 

Sfodern parallax dctcmmations are photographic 
I’latos aic exposed at the focus of a long telescope 
which is directed to the region containing the star to be 
investigated At intcnals of about six months tliere- 
aftcr, other plates arc taken of the same region The 
positions of the star on tnese plates are measured w itli 
the greatest care willi reference to fainter and presum 
ahl^ more remote stars around it, comparison stars, 
they arc called The work is \ery exacting, for the dis 
placement of the nearest star is only one and a half 
seconds of arc This is the angle subtended by an ob 
ject an inch in diameter viewed «t a distance of more 
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t!mn two miles. For the majority of the stars so meas- 
ured the displacement is ^ery much smaller. 

Wlien the amount of the parallax has been deter- 
mined, the calculation of the star’s distance is easily 
performed; and there is n choice of ways of expressing 
the result. To obtain the distance in astronomical units, 
the mean distance of the earth from the sun, divide the 
number 20G,2G5 by the parallax. Thus tlie parallax of 
Alpha Centauri, long supposed to be the nearest star, 
is 0".7G. It is therefore about 270,000 times more re- 
mote than the sun, or twenty-fise million million miles. 
These numbers are incon\cniently large. Astronomers 
prefer to express stellar distances in larger units, cither 
the parsec or the light-year. 

The parsec is tlio distance at which the parallax 
would bo one second of arc. No star is in fact as close 
as this. To obtain the distance in parsecs, divide the 
number one by the parallax. The distance of Alpha 
Centauri is therefore 1.3 porsccs. - . 

The light'ycar is the distance traversed by light in 
a year. In miles, it is 186,284, the speed of light in ont 
second, multiplied by the number of seconds in a year, 
about 31.6 million, or nearly six milL’on million miles. 
A parsec equals about tlirce and a quarter b'ght-years. 
The distance of Alpha Centauri is 4.3 light-years. 

The nearest star, Proxima, is three per cent nearer 
than Alpha Centauri, or about four and a sixth light- 
years from the sun. It is a telescopic star of the tenth 
magnitude, located in the sl^ n little more than two 
degrees from Alpha, and probably physically associ- 
ated with tlus bright star, happening to be on the side 
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toward us. TJiIrtl, fourth, and fifUi in the list in order 
of distance arc three other telescopic stars. It might 
seem surprising that four of the fi\e nearest stars art- 
mrisible to the nahed eye, if ire had not already noticed 
that the stars dilTer enormously' in actual brightness. 

Sirius, the brightest star in tlie sky, is sixth in order 
of distance. It is 8.8 light-years away. Part of its great 
brilliancy is osring to its proximity ; but part only, for 
the Dog Star is in its own right twenty-six times more 
luminous than tlic sun. Four others among tlic hright- 
ost stars arc witliin tlic distance of thirty h’glit-ycars. 
Jfnmcd in order of distance, they are Procyon, Altair, 
^oga, and Fomalliaut. 

The direct parallax mclliod is \ery’ effective ond ex- 
ceedingly Taluable for informing us of tlic distances of 
the stars immediately around us. Some two thousand 
stellar parallaxes have been measured in this way. But 
the accuracy of the method diminishes with the in- 
creasing distance, until at tlic distance of two hundred 
light-years or less Uic change in the star’s direction as 

v-iew it first from one side of the earUi’s orbit, then 
from the opposite side, becomes too minute to be meas- 
ured securely witli present telescopes. Since our base 
line has now become too short, tlie obvious thing to do 
^ to find a longer one, if we can do so. It is interesting 
to notice that an astronomer on the remote planet Pluto 
^hose orbit is nearly forty times wider than ours could 
‘^tend his measures of stellar distances by direct paral- 
lax obsenations as far os eight thousand Lght-years. 
®ut even this great distance is but a step into the vast 
spaces iwpulated by the edestial bodies. 
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Tin 8tN*S WAY 

Our BCflrcli for a lonfjcr hnse line from irliose ct 
trcmilics wc inn^ be able to ob!.cnc cJmngcs in t)jc dj- 
rcclions of \cr^ remote stnrs raises the question 
AvhcUicr Die earth is not Inking us somciibcrc else be- 
side around the sun The nnss^er is already known to 
the reader, but it maj not be clearly understood ulij 
the longer base lino is not altogether scrsaccablc for 
distance dctcmiinalions 

^loie tlinii llircc centuries ago, astronomers were 
reaching tlic conclusion llml the stars arc not fixctl, but 
arc mo\nng through space 'i iiis fact nas finoHj demon 
straled liy Hallcj, m 3718 Tins celebrated English 
Astronomer, nhosc name is veil knon-n to nil in connee 
tion mill his comet, obsened tlint a few of tlie brighter 
stars had certainly changed position b> omounts com 
parable Mitli the moon’s apjiarcnt diameter in the fif 
teen centuries which Imd cloiisetl since Ptolemy 
catalogued the stars Since the stars are mo\ing, and 
inasmuch as the sun is n star, the sur must be in mo 
tion rclnti>c to the stars around it 

William Ilcrschel, in 1783, was the first to determine 
the sun's xcay, that is to sa} , tlie direction of its motion 
lie reasoned that if the sun, and of course the vhole 
planetary system v ith it, is speeding through space m 
a straight hne, then tlie stars must seemingly bo drift 
mg by in the opposite direction These parallactic mo 
tions of the stars are confused mtiv their oiv-n pc 
cuJuir moitons But, m general, the stars ahead of us 
should be opening out from the point toward which our 
motion IS directed, and those behind us should he clos 
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TUE SUN’S WAY 
ing in toward the opposite point in the heavens. Ilcr- 
schcl located the former point» the solar apex in the 
constellation Hercules, not far from the bright star 
Vega, in Lyra; and near this location subsequent in- 
vestigations have placed it also. 

Tills apparent backward movement of the stars in- 
forms us in what direction the sun is taking us, but not 
how fast we arc going. It remained for tlie spectro- 
scope to supply this infomialion. \Vc have already 
learned that the spectrum of a star is a band of rain- 
bow colors crossed, in general, by dark lines. In accord- 
ance with a principle stated by Doppler, nearly a *ccn- 
tury ago, and more specifically set forth by Fizcau, 
somewhat later, tlic spectral lines tell us how the star is 
moWng in the line of sight. If the star is relatively ap- 
proaching, the lines in its spectrum arc displaced 
toward the >dolct end. If it is receding, tlie lines are 
displaced towartl the red. And ’the amount of the dis- 
placement increases with the speed. 

Evidently, the stars in the region of the heavens 
toward wliich the solar system is mo^-ing will collec- 
tively seem to be approaclung with the greatest spe^. 
Tliose In the opposite part of the sky will seem to be 
withdrawing from us with the greatest speed. As the 
result of a thirty yeors’ study of stellar spectra m all 
parts of the sky, now completed by the astronomers of 
the Lick Observatory, we have further infoiroation on 
the direction of the solar motion and the determina- 
tion of its speed. , i 

With respect to the stars around us, the solar system 
is moving lownrd o point in the heavens closely marked 
by the star Omicron Hercnlis, and at the rate of 12.3 
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miles a second. Relative to these stars, tlie earth is then 
moving in a helix, revolving around the sun and shar- 
ing in the sun’s forward motion meanwliilc. 

In its motion along with the sun the cartli takes ns 
twice the distance across its orbit. All the stars are 
shifted backward twice the amount of their greatest 
displacement caused by the earth’s revolution nroun 
the sun. In a century it is two hundred times as grea^ 
Here is a base line, the line of the sun’s way towar 
Hercules, that seems at first to fulfill all our requir^ 
ments for measurements of stellar distances. The paro 
lactic motion depends on the star’s distance, and by its 
amount informs us how great the distance is. Unfortu 
nately, however, for the successful measurement o 
distances in this way, it is not possible ordinarily o 
determine what part of the observed displacement is 
parallactic, and what part is owing to the motion o 
the star itself. The method docs not serve for indivi 
ual stars. 


ABSOLUTE aiAGNITUDES OF JHE STARS 

The stars, as we observe tliem, differ greatly lu 
brightness. If the stars were aU of the same actual 
brightness — if they should prove to be equally bngh 
viewed from the same distance, the problem of celesti 
distances would be a simple one. Consider, on this as 
sumption, two stars of different apparent brightness. 
The fainter star would be the more remote; and since 
the observed brightness of a point of hght varies in 
versely as the square of tlie distance, we coidd eaSi y 
determine how much the distance of the fainter s ar 
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eiceecb Uiat of the brighter. But vre Know limt the stnrs 
®re not equally luminous Our problem tlicn rcaolvcs it- 
^ into the following question: Can we bj any means 
aelennino tJie absolute brightness of a star whose dis- 
^nce IS unknown’ If so, wc can easily calculate the 
uulance, bj comparing the absolute with the obsened 
brightness Ilccent discos cries ha\c made tlus proced- 
ure possible Pirst let us understand the meaning of the 
terms “apparent magnitude” and “absolute magni- 
tude ” 

Ancient astronomers, some two thousand >cars ago, 
duidcd the lucid stars into six classes, or magnitudest 
jn order of diminishing brightness About twentj of the 
brightest stars comprised tlie firet magmtude Conspic- 
Uow stars not among the \cry brightest, including llie 
poiestar and all but one of the stars of the Great Dip- 
were designated os stars of the second magmtude 
And so on, to the sixtli magnitude, wluch was reserved 
or stars barely visible to the naked eje These are ap- 
V^^ent tnagmtudea, indicating observed brightness 
After Uic invention of the telescope, the scheme of 
®>^gnitudes was extended to include the fainter stars 
^hich it brings into view Stars as faint ns the twenty- 
rst magnitude can be observed with the 100 inch tele- 
^opc The plan Was given precision, also, by the rule 
“uit the ratio of brightness between two stars differing 
} exactly one magnitude is 2 512 Thus a star of the 
first magnitude is tvro and a Iialf times brighter tlian 
one of the second magnitude Some revision was neces 
*ory among the very brightest stars wluch show a con- 
siderable range of brightness Vega, for example, is of 
about magnitude zero, and Sinus, brightest of the 
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slnrs, IS of iimfcmluilo —1 C 'I he sun’s upparent mng* 
niUide IS — 2G7 

TIjcsc nrc Msunl apparent nmgniludcs, oijsenal cli- 
rccllj Milh the cje or tlio c\c at tlic telescope Of two 
stars of thn'erent colors, whose \isun! magnitudes are 
the same, the redder will npi>tar the fainter on the ordi 
nar\ idiotogrnphic plate, riiolograiilnc magnitudes 
differ from \ isuni, jiartitularlj for tlic red stars '1 here 
arc other magnitude systems, depending on the partic 
ular apparatus cmp1o3ct1 

Absolute magnitude is the inagnitudc wluch a star 
would lia\e if lU distance were exactly ten parsecs — 
the distance at which its parallax would be one tciilli 
of a second of arc If the star’s distance is known, if is 
COS} to calculate from its obscncd magnitude the >alue 
of its obsolulo magnitude Thus the absolute Msual 
magnitude of Antarcs is —4 0, of Sinus +1 8, of the 
sun +4 8 At the standard distance of ten parsecs, An 
tares Would rnal tbc planet tenus near greatest bnl 
liancj , Sinus would be a star of the first magnitude 
the sun would appear ns a famt star 

A simple calculation shows that our sun would become 
inMsible to the naked eje if its distance were increased 
to twenU pnrsccs, about the distnncc^of the first mag 
nitude star Aldcbnran At the distance of C,300 par 
secs, or 20,000 light years, a httle more tlian iinlf waj 
to the globular cluster in Hercules, the sun would be 
come invisible with the largest telescope 

The modern method of measuring the distances of 
celestial bodies too remote to be wathm the very hmited 
reach of diiect parallax observations is to determme 
their absolute magnitudes Two wa>s will be mentioned 
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nliieli Hie Absolute magnitudes of stars of iutherfo 
unknown distances arc rc\calcd to us. Tlic first is bj* 
spi?cial studies of tbc spectra of stars; Ibe second is b^ 
observations of Cejihcid xarmblc stars. 


DISTANCES THE srEcmoscorE 

Ordinaril}', i\e do not think of tlie sixjctroscopc as 
an instrument for measuring distances. Its sen ice is 
primarily the analysis of light. But in 1914, astrono- 
*ners at the Mount Wilson Obsenntory discovered a 
to find the absolute magnitude of a star by exam- 
ining certain lines in its spectrum. In the meantime, 
“spectroscopic parallaxes” of thousands of stars have 
been evaluated at this and otlier observatories. 

In the description of the spectral sequence, in the 
precevhng cliaptcr, it was pointed out tliat this se- 
quence, from blue to red stars, is produced by the di- 
•ninishing surface temperatures. Just os iron boils at 
a higher tcmjxirnturc than water, so the difTcrcnt chemi- 
cal elements in the star’s atmosphere absorb tlicir 
characteristic patterns of lines most effectively at dif- 
ferent temperatures. Thus the patterns change as vve 
proceed along the spectral sequence All stars of tlie 
Same spectral class have approximately the same sur- 
face temperature and shoir approximately the same 
pattern of lines in their spectra 

There is another factor vre have so far neglected, 
namely, pressure. Just as water bods at a lowex* tem- 
perature when the pressure is reduced, as on a moun- 
tain, so a chemical element can show its spectrum hues 
equally well at a lower temperature, if the pressure is 
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less Nott the pressures at the surfaces of stars of a 
specified spectral class, say MO, are reduced as we pro- 
ceed upward in the diagram of Figure 43 to the larger 
stars The temperature diminishes to maintain the same 
pattern of lines Thus tlie rarer red giants are some- 
what cooler than the denser red stars of the mam se- 
quence 

This compromise between temperature and pressure 
does not affect equally all the chemical elements While 
the pattern is maintained approximately, a few lines 
become progressi\cly stronger, and a few others grow 
fainter with increasing absolute brightness This is the 
relation on wluch the method depends By measuring 
the intensities of these sensitive Lnes in the spectrum 
of a star, it is possible to say what the absolute magm 
tude of the star must lie, and therefore to establish the 
distance of the ^tar 


DISTANCES OP THE CEPHEIDS 

Cepheids, as we ha^ e seen, are stars which vary reg- 
ularly in light m cycles ranging from a few hours to 
several weehs They fall into two classes cluster type 
Ceplieids liaving periods around half a day, and typi 
cal Cepheids whose periods are most frequently around, 
a week The former are blue stars , the latter are yel 
low supergiants Both vary through a range of about 
a magmtude, and in color as well as in brightness It is 
bdieved tliat they are pulsating stars But tlieir value 
in the present connection is quite apart from any the- 
ory eoneemuig thss cause o£ tbcir ^aTla\'^oxI By viitue 
of a relation clearly established between the period 
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of the fluctuation and the absolute nwg’nitude, Ccplieids 
^avc Msumed a place of the greatest importance in the 
oxplorabon of the universe 
^Ihis relation s^as first noticed in 1912, by Miss 
Leavitt at the Hanard Obsenatory In the course of 
a sludj of Ccphcid variable stars m the Small Magel- 
lanic Cloud, a remote assemblage to be described in a 
later chapter, she observed that the period of the fluc- 
tuation increases m a simple vr&y vnth the apparent 
magnitude of the star Since the differences in distance 
between the stars of the Cloud are small in comparison 
with the great distance of the whole group, the ap- 
parent magnitudes of these stars have nearly the same 
relation ns tlicir absolute magnitudes A few jears 
later, Shapley set forth the more general aspects of 
this connection He prepared a curve showing how the 
P®nod increases with the median absolute magnitude, 
that 13 to say, the average between the brightest and 
faintest magnitudes of the star 

If the period of the light variation is half a day, the 
median absolute photographic magnitude is 0 0, if it 
JS one daj, the magnitude is — 0 3, ten days, magnitude 
—1 9, a hundred dajs, magnitude — i 6 The^ are a 
few readings from the curve which applies to Cepheid 
variables everywhere, no matter how remote The pro 
cedure is simple First, find a Ccplieid, a variable star 
whose fluctuations exhibit the chnractenstics we have 
noticed Observe it from night to night until the period 
of the fluctuation is determined Read from the curve 
the corresponding absolute magnitude Having derived 
the median apparent magnitude from the observations, 
calculate the distance 
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The first of the directions is to find the Cephcid But 
these \ariable stars are rare. Perhaps not more than 
one star in a milli on is a typical Cepheid, to whicli the 
cur\e applies. Fortunatelj', the yellow' Cepheids are 
supergiants, among tlie brightest stars absolutely. We 
can see tliem a long way off, certainly farther away 
e%en than a million light years. They appear in \ari- 
ous parts of our Milky Way system, in the globular 
clusters that hover around its outskirts, and in the 
galaxies which lie beyond the Milky Way. Wherc\er a 
Cepheid is discerned, its distance can be determined, 
and therefore the distance of the assemblage that con-, 
tains it. 

Cluster type Cepheids arc equally \aluablc for find- 
ing distances. For their shorter periods, Slmpley’s cur> c 
becomes horizontal at absolute magnitude zero. This is 
the value for all such variable stars. It is an cicn sim- 
pler matter to deterrainc their distances. By means of 
Cepheids cliiefiy, and by otlicr dertccs for finding abso- 
lute magnitudes, astronomers are to-day sur\ejing the 
stellar sj stem around us and tlic remote sj stems Lev ond 
wath a precision tliot only a few years ago w ould hn\ c 
seemed quite impossible. 
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Is THE choice of compAnions for tlieir long journeys 
llirough space, stars resemble people Some plod along 
alone, in straight lines Anth unvarying speeds, practi 
cally uninfluenced bv their fellows Others travel in 
pairs, citlier aide by side, or else mutually revolving in 
Unending dance These are the binary ttars Others are 
to be found in small groups, the multiple stars, still 
others in crowds, the star dusters But whctlier solitary 
or companionable, they arc included in larger divisions 
of stellar society, the star clouds, or galaxies Gregari 
ouancss is a pronounced characteristic of celestial bod 
ICS Ijct us examine the different ways in winch the stars 
arc assembled m systems 

nsuAi. DiNAni sTAns 

Mizar, the second from the end in the Imndlc of the 
Great Dipper, is a famous double slur Eicn a small 
telescope resohes it into t«o stars of unequal bright 
ness This fact was recorded os corb as IBoO Subse- 
quently, other stars, appnrenth single to tl e naked 
eve, proved to be double when they were viewed -^th 
the telescope But their significance was not under 
stood at the time, and little attention was given them 
Indeed it could readily be imagined that among the 
multitude of stars two would often have so nearly the 
same direction, tlmugh one might he far helnnd the 
297 
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other, that they would appear as one A little calcula 
tion shows, however, that such accidental or optical 
doable stars must be far less numerous than the dou 
blcs that are obscr\cd It seems probable, therefore, 
that they are actually close together , and the less the 
angular separation of the pairs, the greater the proba 
bility of their physical association Such double stars 
as they are ie\ealed by the telescope are known as 
visual double stars 

The majority of the visual binaries are traveling 
side by side, with no evidence of mutual revolution 
Many others are revolving systems, like the earth and 
the sun, though their separations and periods are 
greater Delta Equulei is remarkable for its short 
period of less than sis jears, the separation of the 
pair 18 less than Jupiter’s distance from the sun Otlier 
examples of revoUang systems are Alpha Centauri, 
having a period of nearly eighty years and an average 
separation somewhat greater than the distance ol 
Uranus from the sun, and Castor whose two stars re 
volve in the period of about three hundred years, with 
a mean separation twice Pluto’s distance from the sun 
Castor was, in fact, the first double system known to 
be in revolution William Herschel, m 1803, noticed 
that the line joining the two stars had certainly! 
changed direction since Bradley had recorded it nearly 
a century before him This discovery was important 
Up to this time, astronomers, including Herschel him 
self, had regarded telescopic double stars as optical 
doubles simply It became evident then that at least 
some of them are actually physical systems Then 
began the discovery find study of visual binaries which^ 
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have continued Wgorously to the present time, and in 
recent years ha\e been extended to the region around 
the south celestial pole which was in^dsible to most of 
the earlier investigators. 

Aitken, at the Lick Obsen-atory, is generally re- 
garded as the greatest li«ng authority on visual 
binary stars. Alore than tliirty years ago he undertook 
the examination of every star brighter than the ninth 
magnitude ndthin convenient reach of lus telescope. 
This program, on wliicli he worked single-handed for 
the greater part of the time, was completed in 1916. 
It resulted in the discovery of 4,300 ^dsual binaries. 
Aitken’s recently published catalogue of known visual 
binaries within 120^ of the north celestial pole con- 
tains more than seventeen thousond entries. Ks con- 
clusion that one star in eighteen brighter than tte 
ninth magnitude is a binary of this sort apphes to the 
southern skies also, as the more recent disco\ene3 in 


these regions are showing. 

Observations of these binary stars arc usually made 
visuaUy, with the eye at the telescope. In 
simple eyepiece, the micrometer is emp oye . s in 
strument contains a spider thread ahich can be moved 
paraUel to itself across the field of view, and also ro- 
tated, both motions being measured by 
The observation consists in measuring with the micro- 
meter the angular separation of the two stars and the , 
direction of the fainter, conipanion star with respect to 
the brighter one. When the measures have been con- 
tinued until the companion has performed a complete 
revolution, or enough of its circuit to show clearly 
what the remainder will be. the calculation of the orbit 
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can proceed TIic resulting elements of the rclatne 
orbit are the sc%cn specifications) such as the size, 
ccccntncit}, and mchnation, which complete!} define 
it. Usual!}, it IS impossible to determine from the data 
«Iuch side of the orbit is toward us TJiesc orbits are 
inclined at ^arlous angles to tlie plane of the sh} In 
general, tlicj* are muc)i more flattened ellipses than arc 
the planetary orbits 

The Dog Stars, Sinus and Proc}on, arc especially 
noteworlh} examples of Msunl binaries Among the 
nearest stars, at distances of 8 8 and 10 4 light }cars 
rcspcctuely, they lia\c conspicuous motions among tlie 
stars About a cenlur} ago, it ^as dcfinitel} established 
that these two bnglit stars arc not pursuing straight 
courses as tliey should if tlic} were single stars In 
stead, their patlis arc naiy, showing tliat they are both 
attended b} fainter companions with which they re- 
%ol>c as they move forward As in the case of Neptune, 
and perhaps also of tlic rcccntl} discovered planet 
Pluto, these faint companions of the Dog Stars were 
known to exist before anyone had seen them The com 
panion of Sinus was first discerned with the telescope 
m 1862, that of Procyon remained unseen until 1896 


SPECTROSCOPIC BINARIES 

Just as many stars which appear single to tlie naked 
e}e are resolved by the telescope into pairs, so there 
are many stars apparently single in tlie largest tele- 
scopes whoso duplicity is reiealed bi the spectroscope 
Unless the orbit of the revolving star is presented flat 
wise to the earth, the star alternately approaches and 
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recedes from us. As it approaches, tlic lines of its 
spectrum are displaced toward the violet end; as it 
recedes, the lines arc displaced toward the red. Tliis 
is the ^\cll known Doppler effect. Tims tlic regular 
oscillation of the lines in the spectrum of a star, if it 
cannot be assigned to the earth’s resolution, stamps it 
as one member of a speciroscopic binary; and tlie 
period of the oscillation is that of revolution of tlic 
binary. If the companion star is of comparable briglit- 
ness, its lines appear also. If the two stars are of the 
same spectral class, the two similar patterns shift back 
and forth in opposite phase, so tliat the lines ore some- 
times double and at oilier times single, wlien they are 
superposed. 

Mizar, in the Great Dipper, was the first spectre- 
scopic binary to be recognized. Curiously enough, tlus 
star was also the first visual binary to be recorded. In 
1889, it was noticed at the HarNnrd Observatory that 
the lines in the spectrum of the brighter star of the 
visual pair were double on some of the photographs 
and single on others. These two stars cannot he sep- 
arated mth the telescope They ore mutually revolving 
in a period of twenty days and a half. Their average 
distance apart is somewhat greater than the distance 
of Uranus from the sun. 

In the meantime, more than a thousand spectro- 
scopic binaries ha^e been discovered, including some 
of the brightest stars, such as Cnpella, Spica, and 
Castor. Capella consists of two yellow stars of nearly 
equal brightness which revolve in a period of 102 days, 
'llie two Viue stars whatla fwna tVa xA. Spica nre 

closer together. Revolving at the rates of 80 and 180 
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fftinlcr compnnton. Wc Know Ih/it the eclipse h parhnl 
bccftuse Ujc rcco\cjy of Ji/jht jmmcdintel> follows the 
decline If it were toinl> the light would remain con- 
stant nv its minimum during the course of tlic total 
eclipse If the eclipse wore annular, tlmt is to say, if 
the star in front were completely projected on the disk 
of tlie eclipsed star without entirely hiding it, tlicre 
would be ft constant minimum, but the decline and 
rcco\cry would l>o somewhat di/Tcrent in cliaracler 
Other eclipsing binaries furnish examples of total and 
annular eclipses 

In the internals between the principal eclipses the 
light IS not constant In some eases the ranations arc 
conspicuous, especially near tlic halfwoy point when 
the fainter star is being eclipsed by tlic brighter one 
Variations outside the eclipses arc produced especially 
by the departures of the stars from spherical form In 
addition to flattening at the poles caused by the rota- 
tion of the stars, they arc elongated by tides one in the 
direction of the other. 

By accurate measurements of the light of an eclips- 
ing binary during the full course of its sanation, and 
especially when the spectra of the two stars has been 
obsei^ed also, it is possible to obtain almost complete 
information about the two stars and their orbits The 
sizes and forms of the stars which come out in the cal- 
culations are data of the greatest \alue Among the 
lucid stars, m addition to Algol, wluch are eclipsing 
binaries and a hose variations are great enough to be 
easily obsened are Beta Eyne, Lambda Taun, u Her- 
•'ulis, and Della labrie 

Eclipsing systems are special cases of spectroscopic 
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binaries. Tlicxr orbits arc nearlj edgewise to the earth. 
Obser\'cd from another part of tlic stellar systomi 
these stars would be invariable in light, while otlier 
close binaries whose light is constant for us would wink 
periodically as the result of mutual eclipse. 

CLUSTERS OF STARS 

Star clusters are not temporary congestions in the 
celestial traffic. Tliey arc companies of stars traveling 
together through space in a perfectly orderly way. 
They arc of two kinds; the open clusters, sometimes 
called galactic clusters because they ore concentrated 
m the Milky Way, and globular clusters. 

In some of the nearer open clusters the brightest 
stars are plainly visible to the naked eye. This is true 
of the Pleiades, or “Seven Sisters.” Seven lucid stars 
form a short-handled dipper in the evening skies of the 
fail and winter. A keen eye may discern nine or ten 
stars in the cluster, while the telescope shows many 
more. South of the Pleiades there is another conspic- 
uous open cluster, the Hyades, in the same constella- 
tion Taurus. They form a V-sliaped group marking 
the head of the celestial Bull, and contoining the bright 
reddish star Aldebaran, although this star does not 
belong to the cluster proper. 

The members cf an open cluster have a common 
®otion through space. But some of them that are near 
enough to make their motions speciaUy noticeable have 
been known as moving dusters. Of these the Hyades 
cluster is a fine example. The stars of this V-shaped 
group, with the exception of Aldebaran, and other 
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miles n second, they complete the circuit in four days. 
Each of the pair into ^hich Castor is divided by the 
telescope is a spectroscopic binary, making four stars 
in all >\licre llie naked eje secs only one. Great varietj 
is exljibited by such doubles. Some revobe almost in 
contact, in periods of n few lioura. Others require 
months for a single resolution, and arc so far apart 
that they arc likely to be separated as \isual binaries 
by larger telescopes of the future. 

Three lines in the spectra of many of these re\oI\ing 
stars do not oscillate with the others. Tliey are Fraun- 
hofer lines H and K of calcium, in the violet, and the 
double D line of sodium in the yellow. It is beUeved 
tlmt these dark lines arc absorbed nhilc the starlight is 
on its way to the earth, by a ^c^y tenuous gaseous 
medium in space. 

Binary stars are numerous. Probably one star in 
e^e^y four is either double or multiple. Some astron- 
omers ha\c held the opinion that single stars, such as 
our sun, may c>en be in the minority. A complete ac- 
count of the nature of tlie stars might be expected to 
inform us wliy so many are double. The fission theory 
of their formation has received much attention. It pic- 
tures a single star breaking in two by virtue of its 
rapid rotation. Jeans has imagined that the pulsations 
of the Cepheid variable stars might originate in the 
process of fission Once separated, the two stars form 
a close spectroscopic binary system By action of their 
mutual tides, the separations and periods of revolution 
could increase somewhat, but it is scarcely probable 
that this could continue until the stars draw apart to 
the wider dimensions of n visual system. 
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SO? 

Aside from these considerations the chief importance 
of binary systems is in the determinations of the masses 
of the stars Tor Msnal binaries the calculation is espe- 
cially simple The cube of the mean separation of tlic 
t\vo stars, in seconds of arc, divided by the product 
of the cube of the parallax, in seconds, and the square 
of period, in years, gi\es the sum of the masses of the 
two stars The masses are expressed m terms of the 
sun’s mass As nc ha\c already noticed, the masses of 
mdmdual stars are not greatly different from the sun’s 
mass Indeed, if we put the sum of the masses equal to 
two in tlie rule just gi\en, with a correction depending 
on the kinds of stars in the pair, we calculate the 
parallax of the binary — the dynamical parallax, it is 
called — which gives the distance with considerable ac- 
curacy 


ECrtrsINO BINARIES 

Spectroscopic binaries whose orbits arc nearly edge- 
wise, or whose stars ha^e very small separation, are 
also ccbpsing binaries, or echpsing variable stars First 
discovered of this numerous class, Algol, the winking 
“Demon Star” in Perseus, is also the most famous Its 
protracted Rinks occur regularly at intervals of about 
2 days 21 hours For nearly tiro and a half day s Algol 
remains so nearly constant in brightness that only the 
most accurate observations can detect any change In 
the foUomng five hours it is gradually dimmed to one 
third its normal brightness In five liours more it has 
risen to normal again 

During the ten hours of conspicuously varying 
light, the bright star is being partially eebpsed by its 
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fainter companion We laiow that the echpse is partial 
because tlie recovery of light immediately followa the 
dechne If it were total, the light would remain con 
stant its minimum during the course of the total 
echpse If the echpse were annular, that is to say, if 
the star in front were completely projected on the disk 
of tlie echpsed star witiiout entirely hiding it, there 
would be a constant mimmum, but the dechne and 
recovery would be somewhat different in character 
Other echpsmg binaries furnish examples of total and 
■mnular eclipses 

In the intervals between the principal echpses the 
light IS not constant In some cases the variations are 
conspicuous, especially near the halfway point when 
the fainter star is being echpsed by the brighter one 
Variations outside the echpses are produced especially 
by the departures of the stars from spliencal form In 
addition to flattening at the poles caused by the rota 
tiou of the stars, they are elongated by tides one in tlie 
direction of the other 

By accurate measurements of the hght of an eclips- 
ing binary during the full course of its sanation, and 
especially vhen the spectra of the tvo stars has been 
observed also, it is possible to obtain almost complete 
information about the two stars and their orbits The 
sizes and forms of the stars which come out in the cal- 
culabons are data of the greatest ^alue Among the 
lucid stars, in addition to Algol, which are eclipsing 
binaries and whose variations are groat enough to be 
are liyr®, l.tnifoia Tavin, w 
-ulis, and Della labne 

Echpsmg systems are sj^ial cases of spectroscopic 



CLUSTERS OF STARS SOS 

binaries Their orbits ore neatly edgewise to the earth 
Obsened from another part of the stellar system, 
tliesc stars would be inranablc in hght, while otlier 
close binanes whose hght is constant for us would innk 
periodically as the result of mutual cchpse 


CLUSTERS OF STARS 

Star clusters arc not temporary congestions m the 
celestial traffic TJiey are companies of stars traveling 
together through space in a perfecllj orderly way 
They are of two kinds, tlic open clusters, sometimes 
called galactic clusters because they are concentrated 
m the ^Iilky Way, and globular clusters 

In some of the nearer open clusters the brightest 
stars are plainly visible to the naked eye This is true 
of the Pleiades, or “Seven Sisters” Seven lucid stars 
form a short handled dipper in the ev ening skies of the 
fall and winter A keen eje may discern nine or ten 
stars in the cluster, wlule the telescope shows many 
more South of tlie Pleiades there is another conspic 
UOU 3 open cluster, the Hyadcs, in the same constella- 
tion Taurus They form a V shaped group marking 
the head of the celestial Bull, and containing the bnghl 
reddish star Aldebaran, althougli this star does not 
belong to the cluster proper 

The members of an open cluster have a common 
motion through space But some of them that ore near 
enough to make their motions specially noticeable have 
been known as moving clusters Of these the Hvades 
cluster 13 a fine example The stats of this V shaped 
group. With the exception of Aldebaran, and other 
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stars in the neighhcnhood are moving together toward 
the east Their paths do not appear exactly parallel, 
they are converging hke the rails of a track in the dis- 
tance, showing tliat the cluster is receding also Neaily 
a milhon years ago the cluster passed us at the distance 
of 65 hght-years Now it is twice as far away In less 
than a hundred milhon years the cluster will have 
shrunk in the distance to a faint telescopic object not 
far from the direction of the red star Betelgeuse, in 
Onon 

We are at present within such a moving cluster, 
though our sun is not a member Part of tins cluster 
appears in the northern sky, forming the Great 
Dipper, with the exceptions of the star at the end of 
the handle, and the upper star of the two Pointers in 
the bowl, which are not members Sinus, far to the 
south, and other bright stars in widely different parts 
of the sky are members Eventually they will leaie us 
behind and will assume at a greater distance the ordi- 
nary appearance of an open star cluster 

Some of the open clusters appear ns foggy patches 
to the naked eye The Praesepc cluster, knovTi also as 
the “Beehive,” is a well known example. A little way 
west of the sickle of Leo, Prnesepe belongs to the 
zodiacal constellation Cancer E^en a field glass re- 
solves this faintly luminous spot into a coarse cluster of 
stars Another cloudy spot lies directly in the Milky 
Way, m the constellation Perseus and not far from 
Cassiopeia’s Chair A small telescope shows tiro clusters 
nerc, known famibarly as the double cluster in Per 
sous As we sweep along the Milkj Waj ^iQi the tele- 
scope, we encounter other fine open clusters Some of 
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Uie nearest clusters, as mi^ht be expected, arc far out 
side tlus luminous band of llie skj The Coma Berenices 
cluster, between Leo and Bootes, is near the north pole 
of the Milky "Way 

Cephcid ^nrlnblc stars and cluster type variables, 
which arc very valuable aids in measuring distances, 
are not found in open dusters In fact, no variable 
star of any kind has been discoNcrcd m any of these 
clusters Astronomers have densed otlier ways, how 
c'cr, of determining their distances Trumpler, at the 
lack Observatory, has recently measured the distances 
and sizes of more than a hundred Curiously enough, 
the diameters of the clusters seem to increase progres 
«vely with increasing distance from tlie earth 

Now a systematic effect of this sort requires ex 
planatioiL We can scarcely bebe^e that the earth is 
so important that the clusters are arranged symme- 
tncally m relation to it It seems more probable tlmt 
the progression in size can be traced to some peculiar 
ity of the observations or calculations In measuring 
the distances it is assumed that tlic intervening spaces 
are perfectly transparent Suppose they are filled with 
a tenuous fog Then the distant cluster newed through 
this medium appears fainter, and therefore seems to be 
more distant than it really is To fill the angle that it 
does, the size of the cluster must come out too large 
also, and the amount of this overestimate must grow 
larger as the cluster is more distant 

To explam the progressive increase in the measured 
diameters of the open clusters Trumpler supposes that 
there is a layer of absorbing stuff a few hundred light 
yoars thick, lying along the plane of the Jlilky Way 
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A star nl llic disUncc of llircc thousand liglit-ycars, 
obscncd entirely lhrouf»}i Uils nhsorblzjg layer, is re* 
duced In hrigldncM fifty j>cr cent. A stmtum of this 
sort Ims not much effect on tljc celestial bodies whose 
positions in the shy arc far from the 3IIIhy Way. The 
open clusters which congregate toward tills plane arc 
conspicuously Alfcctcd. So also must the star clouds 
which form the itfiff>.y Wny be nfTccicib Viewed through 
this foggy mctllum lhc 3 * must npiicar fainter and tlicre- 
forc seem to be much farther n^ay than they rcolly 
arc. Tlic whole hfdky Way system shrinks from the 
usually necepted <h‘amctcr of around two hundred 
thousand light-years to a diamclcr of only thirty or 
forty tliousand Ilglit-ycars. Such Is Trumpicris con- 
clusion basc<l on hts studies of the open clusters, a con- 
clusion which must be carefully Imcsligated. 

CLonnijin ci/Osrrnns 

TIic second category of star clusters comprises the 
larger and more spectacular globular clusters. These 
great balls of stars a^oid the congested regions of the 
Milky Wny proper; they are located in tlic outskirts 
of our system, where the stellar population is other- 
wise scanty. Ninety-three are known in tliis system. 
Ten have been discovered in the ItfngcIIanic Clouds. 

The nearest and brightest of the globular clusters 
arc Omega Contauri and 47 Tucanie, neither of wliich 
is well placed for obseners in the United States. At 
the distance of 22,000 llght-ycors, they appear as 
Ivxzy atari at tUa. £ausU.\ raagaltuda, an that they arc 
plainly visible to the unaided eye. The telescope shows 
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them as globes of stars, slightly flattened globes, to bo 
sure, shoTnng that they are rotating and arc flattened 
at the poles, like the earth Photograplis with long 
exposures bring out their stars b} the tliousands, 
though the congestion near llie center is too great for 
reliable counts 

Messier 13, the great cluster in Hercules, is the 
finest globular cluster for observers snUi the telescope 
in middle norUicm latitudes It passes nearly oerhead 
in the early evening during the late summer Those 
who recognize the constellation Hercules by the figure 
of a butterfly can find the locabon of the cluster two 
thirds of the way from the head to the tip of the north- 
ern wing At best, it IS only famll} visible to the naked 
eye But with the telescope, and especially on the pho- 
tograplis, it IS a truly remarkable sight 

At the distance of OijOOO light years, only the 
brighter stars of the cluster can be seen A star no 
niore luminous than our sun could not bo detected 
With the largest telescope Fifty thousand stars arc 
Msible — more than twenty times as many as the eye 
alone can see in the whole sky at any one time The 
whole membership of the Hercules cluster must num- 
ber hundreds of thousands of stars The densest part 
has a diameter of Uurty light years Most of the stars 
in the cluster are within a region sixty or seventy light 
jears across The number of stars is considerably 
greater than in an equal \olunie of space around the 
sun If we hved near tlie center of this cluster we 
should ha\c a more brilliant array of constellations in 
our sl^ than the one with which we are familiar 

Shapley’s studies of the globular clusters, at Mount 
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Wilson and Harvard, have given reliable information 
of their distances, irhich range from 22,000 to 185,- 
000 light-years. The clusters a>oid the central plane 
of the MiU^ Way, but tliey are symmetrically dis- 
tributed on either side of it, sho\nng that they are 
associated -with tlie system of its star clouds. The 
globular clusters are distributed over a region of space 
more than 200,000 light-years in diameter, whose 
center is 50,000 liglit-years distant from the earth in 
the direction of tlie constellation Sagittarius. If we 
suppose that tlie dusters outiine tlie system of the 
hlilky Way, the galactic system, then the diameter of 
this great system of ours is 200,000 light-years, or 
somewhat less, and its center is 50,000 light-years 
away in the direction of Sagittarius. 

STAR CLOUDS OF Tim MILFT WAY 

The finest part of the Milky Way for obseners in 
middle northern latitudes is the part we see in the early 
evening in the late summer and autumn. It stretches 
across tlie heavens from nortlieast to southwest, as a 
broad luminous band. On a clear moonless lught and 
in the absence of artifidal lights it is one of the most 
impressive of all specladcs tliat arc repealed to the 
naked eye. 

We follow its course upward from the northeast 
horizon through Tersous, Cassiopeia’s Chair, and 
Cepheus to tlie region of tlie Norlliem Cross, near 
the zenith in the early mcnlng at the beginning of 
autumn. Here tlie Slilky Way di% idcs into livo parallel 
streams, and remains so divided nearly as far os the 
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Soullicrn Cross, This great rift and the many smaller 
ones, ns we shall notice more particularly in the fol- 
lowing chapter, are not breaLs in the jVIilky Way, but 
dark cosmic dust clouds which hide the stars beyond. 

Southward from Cj’gnus the nestem branch fades 
and then becomes brighter again before it crosses llie 
horizon. The eastern branch grows brighter through 
Aquila, and south of this constellation gathers into the 
spectacular Scutum and Sagittarius star clouds. This, 
with the neighboring regions of Opliiuchus and Scor- 
pio, is cosily the most remarkable part of tlie Milky 
Way, whether we ohsenic with the unaided eje or with 
the telescope. Photographs with telescopes of short 
focus bring out the details clearly. Barnard’s photo- 
graphs of this and other parts of the Milky Way ris- 
ible in middle northern latitudes ore cosily ainoDg the 
finest. These he mode with the 10-incli Bruce telescope, 
partly on lilount Wilson, tlie remainder at the Yerkes 
Obsenotory. 

Below the south horizon the Milky Way passes 
through Centaurus, where the rift ends, and through 
the fine region of the Southern Cross, where it is near- 
est the south pole of the heavens. Turning northward 
again, it comes into our view as a single broad stream 
in the winter skies. This part of the Milky Way is less 
bnllianl than the part we see in summer, and it does 
not gather so conspicuously into star clouds. We fol- 
low it in the early evening in midwinter past the Dog 
Stars and Orion, through Gemini and Auriga, near 
the zenith, into Perseus again 

In the Milky Way we view the star clouds of our 
galactic system projected around a circle of the hear- 
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ens Evidently the circle which passes centrally along 
this luminous girdle marks the principal plane of this 
flat system Our problem is to construct a picture of 
the system itself from the projected view In the clos- 
ing chapter we shall notice that progress is being made 
on this picture, and that astronomers are \enturing 
far beyond the confines of this system in the discovery 
and study of the external galaxies 

Nebula, both bright and dark, have an important 
role in the construction of the galaxies The attention 
IS drawn, first of all, to the nebuls m our galactic 
system 
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Iv FonMEn limra, all famtly luminous palclica in the 
lica\«ns, cEcepl the star cloutls of the Jlilhy Wav 
'verc hnoB-n as "nehuhe,” that is to say, “clouds ” A 
few of these objects arc nsiblc to the naked eje Mul 
btudes are brought into new with the telescope The 
Hcrschels discolored, catalogued, and described larue 
numbers of them ^ 


Some nebuhe are known by special names, such as 
the Great Nebula in Onon, the North Amenca Nebula 
and the Tnfid Nebula The brighter ones are often 
designated by their running numbers in the catalogue 
of 103 nebula! which Messier, famous ns the discoverer 
of many comets, prepared a century and a half ago 
These objects can easily be mistaken for comets by 
the obsener with a small telescope Messier SI for 
example, is the Great Nebula m Andromeda But m 
general, nebula: are now designated by number as they 
appear m Dreyer’s Xcm General Catalogue, which 
with its two extensions, lists thirteen thousand nebuhe 
and star clusters The Andromeda nebula 13 N r r 
223 ^ 


The opinions of earlier astronomers concermn;? the 
nature of the nebulie differed widely Kant’s conjecture 
that they are ^e^y remote galaxies of stars--«i 3 land 
SIS 
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universes” — gained n considerable following. William 
Herschel reached the conclusion that some of them arc 
not of a starr}’ nature, but are instead composed of a 
luminous fluid. Laplace's famous nebular hypothesis 
traces the development of the sun and its planetary 
system by the contraction of a mass of gaseous nebula. 
But the idea that the nebuhe arc gaseous seemed to be 
contradicted as telescopes increased in size. More and 
more nebula were resoived into stars. Toward the 
middle of the ninetcentli century, the Earl of Rosse’s 
great six-foot reflecting telescope, the largest in the 
world at that time and for many years to follow, was 
very effective in revealing-nebula so-called as simply 
distant clusters of stars. 

• But all nebula! are not clusters of stars. Wilb'am 
Huggins, in England, pioneer in the use of the spec- 
troscope in astronomy, definitely established the truth 
of Herschel’s conjecture that some nebuhe are com- 
posed of a “shining fluid.” In 1864;, Huggins directed 
his spectroscope to^'ard o nebula in Draco, and viewed 
a pattern of bright lines — ^the spectrum of a glowing 
gas. It was now evident that some of the nebul® are 
gaseous. Others, however, gave patterns of dark lines 
resembling the spectra of stars, although tliey showed 
no indication of being resolved into star clusters. The 
nebu]® still presented mysteries to be solved. 

All star clusters in our galactic system are now 
clearly distinguished from nebuLe. hforeover, re- 
searches of very recent years have shown that many 
objects formerly classed os nebula! are in reality re- 
mote galaxies far beyond our Milky Way. Their 
descriptions are reserved for the following chapter. 
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The nebulae proper, which arc found in our galnclic 
S3 stem and in the external galaxies also, are divided 
generall}’ into t^o classes: diffuse nebuhe, both bright 
and dark, and planclar3' nebula:. 


nnir.iiT dippusu NmuL-E 

Tlie great nebula in Orion is easily tlie most 
famous of the bright diffuse nebula*. To the naked eye 
it appears as the middle star of the three that mark 
Orion’s saord, a little wa3' south of the brighter tliree 
in his belt. E*camincd tritli tlie telescope, it appears as 
a roughl3* triangular mass of faintly luminous mate- 
rial. Apparently, the distance across the nebula is 
thrice the diameter of llic full moon. Actuan3', is ten 
Ughl-3cars across — on enormous cloud. PJiotograplis 
with wide-angle lenses and long exposures show fainter 
nebulosity spreoding over the greater part of the entire 
constellation of Orion. 

The Trifid Nebula in Sagittarius is another fine ex- 
ample of bright diffuse nebulosity. At first siglit one 
might imagine that it is breaking into three or more 
pieces, for wide, dark rifts run across it. They are in 
realit3’ streaks of dark nebulosity which is often found 
associated with the luminous material. The brightest 
stars of the Pleiades arc involved in nebulosities which 
add greatly to the interest of this cluster on tlie photo- 
graphs, though the eye at the telescope sees ordinarily 
only the stars. It frequently happens that striking 
nebula: on tlie photographs cannot be discerned at all 
risually e\cn with the largest telescopes. 

This is true of the North America Nebula, so named 
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by Wolf of Heidelberg because of its resemblance to 
the continent Located in the Milky Way near the 
bright star in Cygnus which marks the top of the 
Northern Cross, it is a remarkable object on the plioto 
graphs In tlie some constellation there is a great oval 
loop of nebulosity which appears to be expanding The 
suggestion is advanced that it may have resulted from 
the explosion of a star If tins is the correct explana 
tion, and if the rate of expansion has remained the 
same, the mighty outburst of the new star must ha^e 
occurred more than a hundred thousand years ago 
The brightest parts of the loop are known as the Net 
work Nebula and the Filamentary Nebula, both of in 
tricale structure, as their names imply 

These are examples of bright diffuse nebul® which 
the telescope and especially the photograplis show in 
considerable numbers They are found in or near the 
Milky Way and in the external galaxies as well In 
fact, the largest known nebula of this kind hes outside 
the Milky Way system proper, it is in the Large 
Magellamc Cloud The diameter of this nebula, which 
IS known as 80 Doradus, is more than a hundred hght- 
years 

Diffuse nebuke arc enormous clouds of gas and doe 
dust In many irays they remind us of the hhny tsih 
of comets Their material is so greatly dispersed that 
it IS much less dense than the best \acuum obtained m 
the laboratory It is only the great thickness of nebul® 
that makes them visible at all And their light is ns 
feeble as it seems to be m the distance If ae Ji\ed 
witlun the North America Nebula, we would be un 
aware ordinarily of its existence 
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Tiir rioirr of the ^EBI^1E 

AVhat causes these ncbuls to be luminous? Certain!^ 
Bucli luglJy attenuated material cannot be hot enougli 
to shine The answer to this problem which puzzled 
astronomers for many ^cars was clearlj stated b} 
Hubble, not long ago, os a result of his extensive 
studies of nebula; with the great reflecting telescopes 
on Mount Wilson Ncbul® arc made luminous by neigh- 
boring stars Tor almost every one a near by or 
actually involved star, or stars, can be held responsible 
for the illumination And more than this, the bngliter 
the associated star, the greater the distance to which 
the nebular glow extends around the star But the bght 
of nebuliD is not simply reflected starbght, at least, it 
can scarcely be the case for all ncbuls 

Spectroscopic investigations bring out an interest- 
ing relation between the light of the nebula and of the 
associated star In the neighborhood of all except the 
hottest stars, the nebular light resembles the starlight 
Both show the same dark line spectrum, the same pat- 
tern of dark lines The nebulosities surrounding the 
Pleiades are examples of such similarity On the other 
hand, the great nebula in Orion and many others which 
are associated with the hottest stars shine with a dif- 
ferent light Their spectra ore patterns of bright lines, 
unlike the stellar spectra TVhat conclusions can we 
draw from these relations? 

Concerning the first class, astronomers are not in 
complete agreement. Some believe that these nebulaj 
slune simply by reflected starbght But the hght of the 
bright bne nebula? is clearly not starlight Yet the as- 
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sociatcd stars are responsible for the illumination. We 
are reminded of the auroral glow in the earth’s atmos- 
phere, «hicli is not reflected sunlight. The light of 
comets presents a similar problem. We conclude tliat 
the Orion nebula and others like it arc illuminated with 
a sort of auroral glow, analogous to our “northern 
lights,” owing to the influence of hot stars near by. 

For many years, scientists were puzzled by the 
bright lines in the spectra of nebul®. Some of the lines, 
to be sure, were definitely identified with the well 
kno^vn elements hydrogen and helium. There was noth- 
ing mysterious about them. But certain other bright 
lines in the nebular spectra liad ne\cr been seen in the 
laboratory. Could it be possible tliat the nebulffi con- 
tained a chemical element not found on the earth? 
Provisionally, the name “nebuliura” was assigned to 
this element, just as helium was named for the sun, 
because it was discovered in the solar spectrum before 
it was identified on the earth- “Nebulium,” however, 
is not an element. The puzzling bright lines in the 
spectra of the nebulae are produced by the common 
elements oxygen and nitrogen under the unusual con- 
ditions which prevail there, conditions which are im- 
possible to duplicate in the laboratory. Thus the 
problem of the strange lines is solved. 


PJ-ANETART NEBUI.^ 

Planetary nebulae have nothing in common with the 
planets. The name arises from the fact that they ap" 
in. ea They are com 

I siderably flattened globes of nebulous material, cnor- 
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niomly larger than plancU, much larger even than tlie 
whole solar system. The flattening is owing to their 
rotation, which the spectroscope proves independently. 
Some, it 13 true, present practically circular disks; 
evidently these have their aics directed nearly toward' 
the earth. The periods of rotation arc e.vpressed in 
thousands of years. 

More Uian a hundred planetary nebulffi are knomi. 
Probably they are all about the same size; their dif- 
ference in apparent size j‘s owin^ to Uieir difference in 
distance. The helical nebula; N. G. C. 7293 in 
Aquarius, which is probably the nearest of the plan- 
ctaries, appears more than a third as large os the full 
moon. The most distant ones can scarcely be distin- 
guished from stars with the telescope, although tliey 
ftre easily identified with tlie spectroscope. 

Differences of brightness over the disks of planetary 
nebulae give them individuality. The “Owl Nebula,” in 
Ursa Major, one of the nearest and therefore one of 
the largest with the telescope, is so named because of 
two dark spots which may be imagined to resemble the 
eyes of the owl. Tlie “Dumbbell Nebula,” in 'V'^ulpecula, 
is darkened around the ends of the long axis of its 

elliptical disk — a rather common occurrence so that 

it appears as a dumbbell. One of the planetarics bears 
some resemblance to the planet Saturn with its rings 
nearly edgewise. Others exhibit concentric rings. Still 
others have the appearance of thick rings, the central 
part of the disk being darkened. 

The Ring Nebula, in Lyra, is undoubtedly the finest 
of the planetary nebuls as rien-ed with a telescope of 
moderate size. Situated in the southern part of the con- 



5J0 THE STAES 

stdlnlion Lyra, bctwccn-thc eclipsing star Beta and ifa 
neighbor, Gamma, it is invisible to the naked eye and 
with small telescopes. With larger instruments it has 
the appearance of a somewhat flattened Inminous 
doughnut. On the photographs complex structural de- 
tails appear in the ring, and a star is shown at its 
center. The central star, an unusually blue star, is 
characteristic of the planetary ncbulai, almost withou 
exception; it is evidently the source of tlicir lUumina- 

*’°Conccming the relation of the planetary nebuhe to 
other celestial objects we have no definite 
as yet. It might be imagined that they have somethin 
fn common with norm, or temporary stars. Nov®, UK 
the planetaries, are strongly concentrated ^ 

Milky Way. In their later stages they are not unliKe 
the central stars of the planetaries, and 6“'““= I®' 
velopes are observed around some of the nov®. 

Nova Aqulli., .lucU burst out in a uebubus 

shell has been expanding at the rate of fi y 
miles a day. 

DARK NEBULA 

Nebnl® are made luminous, ns we have s'™! 
in their vicinities. In the absence of sue s 
remain dark and are revealed to us only as * y 
struct in places the view of the bright celestial scencj 
beyond Like the bright nebul® in our ^ 

these dark dust clouds are strongly f _e„t, 

vard the Milky Way. It is a fortunate 
because they can be seen clearly against th 
band of the shv. 
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The most conspicuous of the “vacant places” in the 
Milky May ,s the great dark rift which extends from 
tile region of the ^orthcrn Cross nearly to the South- 
ern Cross, dividing the Milky Way into two parallel 
starry streams over a third of its entire course around 
the heavens. North of the Northern Cross a transverse 
rift IS easily seen. Near the Sonthern Cross there is a 
dark patch nearly as large as the Cross itself, in which 
very few stars can be seen. This remarkable “hole” in 
the midst of the brilUanl star clouds has long been 
known as the “Coal Sack,” the name given it by the 
early mariners. 


Until very recent times the dark riffs in the Milky 
Way were regarded generally as openings through 
which we look into dark space beyond. This eiplana- 
tiou, to be sure, was not altogetbcr satisfactory. If the 
star clouds have considerable thickness, the openings 
were tunnels. Why they should be directed toward the 
earth was not easy to explain. Nor was it obvious how 
the tunnels could remain open for any length of time 
since the multitudes of stars around them are in motion 
in various directions. Barnard at tlie Yerkes Observa- 
tory was among the first to view the rifts ns interven- 
ing dark dust clouds. 

To appreciate fully the great number and varied 
forms of the dark nebule one has only to examine the 
exceUent photographs of the Milky Way which are 
now available. All along its course this luminous stream 
is marked up in a bewildering way. Tins is especially 
true in the region of Ophiuchus where some of the 
most surprising forms are exhibited. The majority of 
the obscuring clouds are in our local system of stars 
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only a fen thousand light years distant from the earth 
They arc present m the c^itcmal galaxies also, as we ^ 
notice in the following chapter 

Dark nebulie, like the bright ones, are great elouds 
of gas and dust It is not improbable that they “ntai - 
larger solid pieces as well Comets and meteor swarms 
hafe similar constitution Indeed, it has been sug- 
gested that those which are now revolving around the 
sun were picked up several million years ago when our 
solar system passed through one of the dark clouds 


NEBtILATl hypotheses 

In former times, when theories of cosmic evolution 
were taken somewhat more seriously than 
present, nebuhe were believed to represent the mort 
primiti;= state of material in the universe How the 
Lbulai came to be was not understood They stood f 
primeval chaos, out of which orderly arrays of sta 
Ld planets developed Nearly "turi. 

philosopher Kant proposed vmtial stace, 

hypotheses He chose the nebula as the 

^rw^^at au" S S evolution shoved 

‘“oiXra pofnt of ^in»t Z folW Sen-hy 

and in winch the development of the so or system 
epecially treated, is the most famous of aU 
® Until recent iimes it was generally suppose^ that 
the stars have developed by contraction from 
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bnsl.t nebulT sucli as the great nebula m Onon And 
the stars of different colors ircre bebeied to be stars 
o different ages Young stars were tlie liottcst and 
there ore the bluest As Ibe, cooled and contracted, 
tl ej beeame ,n middle age jellon stars libe the sun 
btill cooler in old age, tbej reddened Gradualh their 
light became redder and feebler until they ceased to 
slime This classical llieorj nas not complete in all 
rcspecU It ivas not understood hon the hottest star 
-ould follon ns the next stage after the cold nebula 
let tlic close association of blue stars vntli brinlit 
ncbulie seemed to establish their extreme youth The 
blue stars of the Pleiades, for example, arc iniohcd 
in nebulosity But this association, ns we have seen 
has now a different significance The ncbulsi become 
luminous only when there are hot stars near by 
The original theory of steUnr ciolution was of n 
one-way process, from tenuous nebulie to dense, dark 
stars But in 1913, Bussell showed that the sequence 
from blue stars to red stars forms two branches One 
branch comprises giant and supcrgiant stars, larger 
and more luminous than the sun, and of these the red 
stars are the largest and least dense The second 
branch comprises smaller stars of the “mam sequence ” 
including the sun, which become smaller and denser 
with increasing redness To interpret the new data a 
different theory of stellar development was proposed 
ond widely adapted for the following decade The stars 
are formed by the contraction of dark nebula: At first 
they are great red stars, cool and not very bright per 
square foot of surface jet their enormous size places 
them among the most luminous stars With increasing 
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age these stars shrinV Tor A tune they develop more 
heat by contraction than they radiate They become 
hotter, changing from red to yellow and then to blue 
At this point the contraction js less rapid Less heat is 
gamed thereby than js radiated Tlie star cools, cliang 
mg in color from blue to yellow and then to red Finally 
it ceases to shine 

Both theories begin with nebulce and end ^vnth dark 
stars In both of them, contraction is the outstanding 
feature Examining them, we wonder whether a time 
will come when there are no more nebulie and all the 
stars have faded to invisibility But we recall that these 
are pioneer theories concerning a \ery difficult subject 
Processes of cosmic development are exceedingly slow 
and therefore hard to trace We have no certain evi» 
dence that stars are progressively contracting 

We turn now from these conjectures as to remote 
past and future of the universe to survey it as it ap 
pears to day The stars and nebulse are assembled m 
enormous galaxies wluch dnim our attention 
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Iv THE dcscnpbon of the Milky Way to have noticed 
Borne of the star clouds, in particular, the great Sagit- 
tarius cloud nhosc center is S0,000 light-years ana}, 
and the somcirhat smaller and nearer Scutum cloud 
According to the new recently set forth hy Shaplcy, 
these and other star clouds ore gulcxtcs, that is to say, 
vast assemblages of stars and nehuhe They aicragc 
10,000 light years m diameter Some are considerably 
smaller, while the largest arc tlirce or four times 
greater in diameter 

The galaxy of which our sun is a memher is kaowt 
as the local system It is n consitlerably flattened as- 
semblage of about average size, containing the lucid 
stars which form our constellations, the majority of 
the millions of stars visible m telescopes of moderate 
size, many of the open star clusters, and practically 
all of the bright and dark nebulie which congreo-ate 
along the Milky Way Viewed from another part of 
the hlilky Way system, our local system would appear 
as one of tlie star clouds In the local system the sun 
has a fairly central position, the center is three hun- 
dred light years away in the direction of the southern 
constellation Carina 

These star clouds are grouped nearly m one plane 
m the supergalaxy wbch we call the galactic system 
su 
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For tlie past century and a Imlf, astronomers liave 
been trying to determine precisely the form and extent 
of tliis system ^Yhose principal feature, as we see it in 
projection on our skies, is the Milky Way. The prob- 
lem has been a difficult one, owing to our position 
within the system; it would be greatly simplified if we 
could obtain a view from the outside. The difficulty has 
been increased by the lock, until YCry recently, of any 
means of determining the distances of celestial objects 
more remote than those immediately around us in the 
local system. 

Two ways of studying the structure of the galactic 
system have been employed chiefly. The first is by 
counting stars in equal areas in many different parts 
of the sky; the counts provide data for a statistical 
study. This method was first employed by Sir William 
Hcrschel, who counted the number of stars visible in 
the field of his tclescox>e in each of more than three 
thousand regions of the sky. On the assumption that a 
greater number of stars in any direction meant their 
greater extension in that direction, Herschel concluded 
that the galactic system has the form of a grindstone 
having its axis at right angles to the plane of the 
Milky Way and a diameter of six thousand light- 
years, according to the scale of distance now avail- 
able. Herschel’s system was too small, because liis 19- 
inch reflector could show him only the nearer stars. 
It was the first systematic attempt to survey the galac- 
tic system. This statistical method lias since been em- 
ployed many times, with improvements in telescopic 
power and in methods. The counts ore now mode on 
pliotographs of representative TEgions of the sky. The 
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most recent results were Announced m 1928, bj Scares 
at the Mount Wilson Obsenatory 

The second method of studying the structure of the 
galactic system is to detcmitie the distances of objects 
in many places throughout the system Eiidentlj, if 
we bale the directions and distances of many features 
of the system, we can make a model representing its 
form and dimensions As ne liaic seen, the distance of a 
Cephcid variable star can be determined wherocr a 
Cepbcid 18 found, and these useful stars arc scattered 
throughout the galactic system By means of Cepheids, 
and in other wajs which astronomers have devised m 
recent jears, the survey of the galactic system is now- 
proceeding roptdly, at the Harvard Observatory and 
elsewhere In the course of a dozen years we shall have 
more nearly complete information concerning the form 
and extent of the galactic system Jleanwhile there is 
considerable difference of opinion 

There is at present, os we noticed in an carber 
chapter, a reliable model of the system of globular 
clusters These clusters are arranged symmetncally 
With respect to the plane of the Milky Way around a 
region of space 200,000 light years or more m diam 
etcr If we suppose that the globular clusters outbne 
the galactic system, then this system has a diameter 
of 200,000 bght years, and its center is the center 
cf the cluster system The center lies m the direction 
of the great Sa^ttarius star cloud 

At first, many astronomers assumed that the entire 
system of the Jlilky Way is a single galaxy And since 
many of the external galaxies are spirals, it was easy 
to imagme that ours lias the spiral form On this as 
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sumption, the Sagittarius cloud is the massive nucleus 
from ■ttlncli the spiral arms emerge; our local system 
is a smaller assemblage in one of the arms, about half- 
way from the center to the edge. 

Recent observations seem to show that the galactic 
system is in rotation, as the distant spirals are hnown 
to be. As our share in this rotation, we are moving at 
the rate of two hundred miles a second, at present in 
the direction of the constellation Ceplieus. This evi- 
dence might Be taken as supporting the view that the 
galactic system is a single spiral galaxy. If so, it is by 
far the largest known galaxy, five times greater in 
diameter than the largest of the others. This discrep- 
ancy is embarrassing. 

The view proposed by Shapley in 1930 is somewhat 
different. The galactic system is a supergalaxy in 
which the star clouds ore the separate galaxies. The 
wliole system is not a spiral, but some of the galaxies 
may be. This is the view that we adopt provisionally. 
The local goXaxy immediately around us and the other 
galaxies of the Milky Way system have dimensions 
comparable among themselves and with the external 
galaxies This agreement recommends the theory. But 
our supergalaxy, only o fifth of a million light-years 
across, is smaller than the remote supergalaxies. This 
discrepancy will disappear, however, if some of the 
neighboring galaxies which are not in Bie plane of the 
Milky Way are found to be members, nevertheless, of 
our supergalaxy. 

The two Magellanic Clouds are nearer than many of 
the globular clusters, although they are far from the 
Milky Way. Near the semth pole of the heavens, they 
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never appear above the horizon in middle northern 
latitudes The Large Cloud, at the distance of 86,000 
light years, is a little more than 10,000 hght jears in 
diameter The Small Cloud lies slightly further away, 
at the distance of 95,000 hght years , its diameter is 
6,000 light jears Doth arc plainly visible to the naked 
eye as cloudy patches in the slg With the telescope 
they are found to contain stars, star clusters, nebulae, 
and other famihar features of the local system around 
us In size ns well they resemble the star clouds of the 
Milky Wa3 If they were in its plane, there would be 
notlung to distinguish the Magellanic Clouds from 
the other star clouds Tlicir motions also are such as 
to suggest that they are members of the supergalaxy 
to which our galactic system belongs 

A quarter of a century before Herschcl began hiS 
celebrated explorations of the heavens, Thomas 
Wright, of Durham, England, set forth the theory 
that the system of the stars has the form of a flat cir 
cular disk The philosopher, Kant, in 1755, went still 
further He conjectured that the nebulae are remote 
milk} ways far beyond our own — “island umverses,” 
they have been called in accordance with this view 
But at that time, and indeed until very recent years, 
there was no known way of determining the distances 
of these objects, and so of proving or discrediting this 
speculation 

The hassy objects originally designated as nebube, 
excluding those that have proved to be star clusters, 
fall sharplj into two groups The first group crowd 
toward the Milky Way , these are the “galactic nebu- 
1»,” or nebulse proper, which were described in the 
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previous chapter. The second group arc found in all 
parts of the hea\ens, except in the Mcmity of the 
Milky Way, where they are hidden behind the dark 
clouds and otlier absorbipg material along the galactic 
plane. These, which include the spiral nebula, came to 
be Icnown as extra-galactic nebulie. And within the past 
twenty years there was a movement to revi%e the ‘h's- 
land universe” theory with the extra-galactic nebul® 
as the “islands ” But the movement made httle pro- 
gress as long as the distances of these objects remained 
unknown. ' 

Definite knowledge of galaxies far beyond the 
Milky Way was inaugurated by Shapley at Har\ard, 
in 1923 He shoiNed that the distant star cloud which 
is known to astronomers ns N. G C. 6822 is much more 
remote than any part of the Milky Way system. The 
existence of one “island universe” at least was clearly 
established. Tliis galaxy, whose distance is 625,000 
light-years, resembles the Magellanic Clouds. 

Hubble’s success in photographing indmdual stars 
in some of the nearest spirals was the next step. 
Cepheid variable stars are among the stars shown on 
his pliolographs of these spirals with the 100-incIi 
Mount Wdsoa telescope. Their distancest and there- 
fore the distances of the spirals in winch they were 
found, could now be determined. It was necessary only 
to photograph these spirals often enough to establish 
the periods of their Cepheid variables. By this pro- 
cedure Hubble demonstrated, in 1925, that the spiral 
nebulai are galaxies far bqrond the Jlilky Way. 

TVit: Ktbrti\a in A»d705T<tda.” is 

of the spirals, and the only one clearly visible to the^ 
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nnkcd cjc. It is easily found^in the evening skies of 
llie fall and >vinlcr b} nnionc svlio is familiar vrilli the 
Square of Pegasus. Imagine timt this square is tlic 
boa I of n dipjwr, and find its handle extending toward 
the northeast. A little way norUiwcst of the second 
star in the handle, the great spiral appears to the 
naked eje as an elongated, faintly luminous patch in 
the sky. TIic structure is not repealed by the telescope, 
but is clearly brought out in the photographs. It is 
a flat spiral inclined fifteen degrees from the edgewise 
position. The bright nucleus, «hich is visible to the 
unaided eje, is surrounded by the fainter coils. The dis- 
tance of the Andromeda spiral is 800,000 light-years. 
It is a giant among the galaxies. 

In the neighboring constellation Triangulum, the 
nearest of the spirals. Messier S3, can be scarcely dis- 
cerned milt the naked eye. Although it is about five 
per cent nearer tlian the Andromeda spiral, this galaxy 
is smaller and Uicrcforc fainter; its diameter is 15,000 
light-years The Tnnngulum spiral is more nearly 
flatttdse, so that its structure is exhibited clearly. The 
arms emerge from opposite sides of tlic nucleus, and 
coil in the same sense and in the same plane. 

Two million external goloxies, it is estimated, are 
bnglit enough to he visible with the 100-inch telescope; 
and the majority are spirals. Their distances range 
from less than a million to 150 million bght-years. Tlie 
spirals average from five to ten thousand light-years 
in diameter, depending on how closely they are coiled. 
Tliey are presented to us in various ways, from the 
flatwise view sueb as we barc of ibe inimbar ‘^Ybirl- 
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pool Nebula” in Canes Venatici, near tlie Great 
Dipper, to tlie edgewise position. 

Turned edgewise to the earth, tlie spirals appear like 
spindles. Characteristic of this new is a dark band 
extending lengthwise along the spindle, and in some 
cases seeming to cut it in two. The appearance of the 
dark equatorial band in these spirals reminds us of 
the dark dust clouds in our own galaxy, and especially 
of the long dark rift in the Milky Way. Examined 
with the spectroscope, the spirals that are presented 
edgewise, or nearly so, are found to be in rotation, as 
we might well suppose from their flattened form. The 
nucleus of the Andromeda spiral has a period of rota- 
tion of about 16 million years. 

Not all external galaxies have the' spiral form. There 
is a small percentage of galaxies resembling the Magel- 
lanic Clouds. There are also “elliptical nebulte” which 
have not been resolved into stars. Their disks range 
from nearly circles to much-flattened ellipses; and in 
the flattest ones the ends of the long axis are drawn out 
so that they have the appearance of double convex 
lenses presented edgewise to us. 

The galaxies, like indiridual stars, are assembled 
in clusters which are known as supergalaxies. As many 
as forty supergalaxies are already listed, varying m 
membership from a few to hundreds of galaxies. Sev- 
eral fine examples appear in the ricinily of the con- 
stellation. Virgo. A great supergalaxy in Centaurus, 
recently studied at the Harvard Observatory, contains 
some giant galaxies comparable with the Andromeda 
aplral. A groMp oi galaxies in Tegasns has been likened 
to our galactic system. 
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In the few years that ha%e elapsed since the recog- 
nition of tlie external galaxies, mucli has been Icamcc 
about them Much remains to be learned Practicallj 
all the problems ^hich the stars have presented arise 
again with respect to the galaxies Just as the stars 
around us are assembled in a galaxy, we may suppose 
that the galaxies and supergalaxics are members of a 
greater organization, the metagalaxy, whose form and 
extent must remain unknown until telescopes are con* 
slructed powerful enough to reach to its boundaries 
And what hes beyond? Other metagalaxies? And do 
these form a system still more vast^ We can for the 
present only speculate on these questions 

Among the remarkable disclosures of recent years 
concerning the external galaxies, none is more surpris- 
ing than the rapidity with which they seem to be mlh- 
drawing from us Tlus cndence is derived from the 
study of their spectra, by observing the displacements 
of the spectral hues With allowance for the effect of 
our own motion, the external galaxies are receding 
from us at enormous rates wluch are progressively 
greater for more distant galaxies The Mount Wilson 
astronomers announce that a faint galaxy in Ursa 
Major IS speedmg away from us at the rale of more 
than 7,000 miles a second When more distant galaxies 
can be observed with the spectroscope, they wdl doubt- 
less exhibit stall faster motions of recession 

Some years ago, Einstein concluded that space 
would be boundless if it contained no matter Since it 
contains matter, space is bounded , and the more mate- 
rial there is m the umversc, the shorter is the radius 
of space Some scientists are now of the opinion that 


834 THE STiUlS 

the Amount of matter m the universe Is steadily de* 
creasing They suppose that the mas^es^of the stars 
are dimimshing m order to 'keep up their radiatio^ 
If this IS true, then Itvo and a half million tons of the 
sun alone is being transformed into sunslune eve^ 
second. With loss of material, space expands, accord- 
ing to the view we have mentioned. Eemaitre, in Jiel- 
gnun, has developed mathematical formula to describe 
an expanding universe In a construction of tliis sort 
distant objects must be receding from us very rapidly* 
as the external galaxies are observed to do. 



